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1. Introduction

The following email discussion was agreed with the intention to make progress on mobility aspects of NR unlicensed as part of the Study Item:

 [102#69][NR] NR-U mobility (Qualcomm)


Identify the issues that could need changes to:


Measurement framework (e.g. SMTC configuration and its provisioning, additional measurements such as channel load)


RRM (e.g. applicability of events and how to guarantee robustness)


Any changes to the RRC procedures for measurements and handover


Considerations on Idle/Inactive cell reselection (e.g. changes to cell quality and ranking)


Intended outcome: Report to next meeting


Deadline:  Thursday 2018-06-14

This contribution will capture the company views on the above topics and provide way-forward proposals based on consensus or majority view. As a reference, the objectives of the SID and the RAN1 and RAN2 agreements so far are provided in the Annex.

2. Discussion

The mobility features considered apply mostly to NR-U standalone since the PCell for NR-U LAA is still on licensed spectrum and thus Rel-15 NR design is still applicable.

For mobility, the first aspect to address is the configuration of measurements for RRM. For NR licensed, such measurements can be based on SSB or CSI-RS. For NR-U, RAN1 has made some preliminary agreements as follows:

· NR-U should have a signal that contains at least SS/PBCH block burst set transmission

· FFS: Other channels and signals transmitted together as part of the signal

· The design of this signal should consider the following characteristics specific to unlicensed band operation

· There are no gaps within the time span the signal is transmitted at least within a beam

· FFS: Whether any gaps are needed for beam switching and, if needed, their duration

· The occupied channel bandwidth is satisfied (although this may not be a requirement)

· Strive to minimize the channel occupancy time of the signal

· Characteristics that may facilitate fast channel access

· Modifications to initial access procedures considering limitations on access to the channel based on LBT

· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

In the interim until RAN1 has complete agreements on this, it seems reasonable for RAN2 to assume that at least SS/PBCH burst set will be transmitted even though it may not always be available due to LBT. It is possible that RAN1 can also introduce additional transmission opportunities (similar to opportunistic DRS for LTE LAA) but this has not been decided yet. 

For NR licensed, there are three multiplexing patterns for the transmissions of SSB and RMSI. RAN1 may limit the options for unlicensed, for example only allowing FDM patterns. However, this level of detail is not critical for high level RRM decisions and it is sufficient to assume that SSB and RMSI can be transmitted periodically at times when LBT succeeds. This also includes the case when they are transmitted within a window which starts at a certain periodicity similar to LAA DRS. 

Question 1: Do you agree that RAN2 can assume at least recurring transmission (within a window which starts at certain periodicities) of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT failures? Please provide additional assumptions/observations if any.

	Company
	Response
	Additional Comments

	Sony
	Yes
	But pending RAN1. 

	LG
	Agree
	As discussed in RAN1, in NR-U, whole consecutive SS/PBCH blocks can be delayed to the next occasion(s). Then, the initial access would be delayed. We need to study how to reduce the delay due to the LBT failure including extend window size and re-transmission based on the RAN1 progress.

	HW
	Yes 
	We can take this as an assumption for RAN2 discussion but not sure whether this has any impact on RAN2 since any enhancement to handle the reduced transmission opportunities due to LBT failure is up to RAN1.

	Nokia
	Yes
	

	Lenovo
	Yes
	

	Ericsson
	Yes
	It is critical to have synch and system information. When gNB cannot know when it will have access to the channel it seems the only reasonable solution will be a window within which SSB/PBCH and RMSI and paging can be transmitted. 

	Intel
	Yes
	The baseline should be the SMTC configuration designed for NR licensed and wait for RAN1 to further design the RS for unlicensed.

	Convida
	Yes
	We can make this assumption in RAN2, but it is dependent on a RAN1 decision.

	OPPO
	Yes
	We agree RAN2 can take the above assumption and progress on SSB and RMSI solutions from higher layer point of view.

	ZTE
	Yes
	Since RAN1 agrees to work on developing techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failures, RAN2 can continue the study on initial access under the assumption that at least recurring transmission of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT failures.

	Apple
	Yes
	We agree RAN2 could take this as working assumption. 

	Samsung
	Question is not clear
	We are okay if the intention of the question is to follow NR SSB transmission as baseline assumption and then discuss enhancements if required for unlicensed operation. 

	vivo
	Yes
	

	MediaTek
	Yes
	

	Panasonic
	Yes
	

	InterDigital
	Yes
	

	Charter Communications Inc
	Yes
	As mentioned above, RAN1 is still investigating mechanisms to account for LBT during SSB transmissions in an SSB burst set. Techniques ranging from truncated (where lost SSB in a burst set aren’t re-transmitted) to cyclical (where lost SSB in a burst set are transmitted at the end) to floating (start SSB burst set after gaining channel access) have been mentioned. It is safe to assume, regardless of the chosen method, that at minimum recurring transmission of SSB (and CORESET/RMSI) with reduced opportunities will exist from a RAN2 perspective. In line with above comments, RAN2 can study techniques to further alleviate resulting delay. 

	ASUSTeK
	Yes
	Similar mechanisms have been used in LTE so we assume it can be applied to NR-U.

	Qualcomm
	Yes
	


Conclusion: All companies except one agree on the premise of the question that RAN2 can assume recurring SSB/PBCH transmissions even though how the missing SSBs in a burst are transmitted is up to RAN1. One company thinks the question is not clear but fine to use NR license as a baseline.

Proposal 1: It can be assumed for further study that recurring transmissions (within a window which starts periodically) of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT will occur.

---------------------------------------------------------------

Since unlicensed spectrum can be shared by many operators, the UE may not always be certain that a found cell belongs to the registered operator. Therefore, some mechanism is needed to minimize the case of UE detecting and measuring cells which are not suitable for mobility. NR already supports configuring listed cells in measurement objects which can help UE to avoid such cells. However, it would be good to clarify if this is sufficient or additional mechanisms need to be studied.

Question 2: For the UE to avoid measuring and reporting cells which are not suitable for mobility (e.g. belonging to a different PLMN), are the existing mechanisms such as listed cells sufficient or additional methods should be studied? 

	Company
	Response
	Additional Comments

	Sony
	TBD
	Not sure of the scenario and if there is any justification for new behavior. 

	LG
	Configuring cell list in measurement object can be sufficient.
	We think configuring cell list in measurement object is sufficient to avoid measuring and reporting not suitable cells for mobility. 

	HW
	No additional methods are needed
	Relying on existing mechanism is enough, i.e., the network does not configure cells belonging to a different PLMN to the UE for measurement.  

	Nokia
	No 
	We think that the existing mechanisms are sufficient and no need to study additional methods.

	Lenovo
	No additional methods are necessary
	

	Ericsson
	Yes
	This needs to be studied. For example, adding a white list for measurements reporting, similar to R13 LAA, can improve performance. 

	Intel
	
	This can be discussed together with Q3 whether PCI confusion and collision need to be resolved.

	Convida
	No
	We think the existing mechanisms are sufficient.

	OPPO
	Neutral
	

	ZTE
	No additional methods are needed
	The listed cells including white cell list and black cell list can meet the mobility requirement.

	Apple
	Neutral
	No strong view. We would like to have more time to evaluate this issue before making decision.

	Samsung
	Existing mechanisms are sufficient
	Current measurement configuration and reporting framework is sufficient to avoid detecting and measuring cells which are not suitable for mobility. Any enhancements if required should be considered only after appropriate justification.

	vivo
	Existing mechanisms as starting point
	Black cell list in SIB can be used to avoid IDLE UE reselection a different PLMN.

	MediaTek
	Start with existing
	For the moment we do not see any requirements for introducing additional methods.

	Panasonic
	Existing mechanisms are sufficient
	The listed cells configuration is sufficient to support the mentioned measuring and reporting requirement.

	InterDigital
	TBD
	This should be studied.

	Charter Communications Inc
	No
	The existing mechanism for whitelisting or blacklisting cells in measurement objects can be taken as the baseline.

	ASUSTeK
	The existing mechanisms are sufficient
	Mechanisms used in NR licensed are sufficient and can be applied.

	Qualcomm
	Yes
	We shouldn’t expect that operators will coordinate their deployments. Thus it is important to avoid unnecessary measurements by the UE.


Conclusion: 10 companies think that existing mechanisms are sufficient to solve the unnecessary measurement of cells belonging to different PLMNs while 9 companies think that further study is or may be useful. Therefore, it can be discussed further based on contributions.

---------------------------------------------------------------

A related issue is the PCI confusion where multiple cells detected by a UE can have the same PCI. In E-UTRAN, this is solved either by O&M configuration by changing PCIs or by relying on ANR in which the UE can be requested to report the CGI of such cells. In unlicensed spectrum, different operators are unlikely to coordinate their deployment configurations. One option is to rely on proprietary mechanisms to avoid PCI confusion. 3GPP can also discuss standardized solutions.

Question 3: Should solutions to PCI confusion in NR-U be studied? Please list methods for further study if any.

	Company
	Response
	Additional Comments

	Sony
	No
	Not sure why PCI confusion is a specific issue for NR-U? And if there is a general issue with PCI confusion, then no sense to deploy NR-U in that area 

	LG
	ANR is needed to avoid PCI confusion. Further study may be needed for some cases.
	ANR is needed to avoid PCI confusion between multiple PLMN. In addition, further study may be needed for some cases. For example, a gNB of PLMN1 configured PCI3 in neighbor list of measurement object and UE found PCI3 of PLMN2. PCI confusion would be happened but network would not trigger ANR because the UE reported PCI3 which is listed in measurement configuration of PLMN1 and it was expected cell ID. For above case, network solution between different operators may be needed.

	HW
	No 
	This issue has been discussed in LTE LAA and the conclusion is that PCI confusion and PCI collision can be avoided completely if operators coordinate the PCI values for their LAA cells. Otherwise, the probability that they happen is scenario dependent, but it is expected that they will only happen rarely. This also applies to NR-U, therefore we think no specific standardized solution is needed. 

	Nokia
	No
	The PCI confusion problem in Unlicensed is the same as in Licensed. And in Unlicensed band, it is not possible to control what other operators are broadcasting. ANR is still the basic standardized tool for PCI confusion. 

However, we would not be against on investigating the specific SON scenarios that happen in NR-U in general.

	Lenovo
	ANR can be considered
	We agree with Huawei that LTE LAA did not identify PCI confusion. However we think generally the number of NR-U APs could be higher than what we expect for LTE LAA, so some additional mechanism apart from operator coordination can be studied. 

	Ericsson
	No
	In LTE LAA it was shown to be a problem that did not occur often and had no severe consequences if it did, most of those conclusions holds for NR-U. Possibly we might add an indication from the UE to report that there is PCI confusion or report the PLMN of detected cells if this is only done seldom. 

	Intel
	May be. Need further study 
	Non-hidden node case can be resolved by the network.

As for the hidden node case, RAN2 may study whether UE needs to be able resolve the PCI confusion and collision. The following are 2 possible options:

Option 1: The reference signal for unlicensed carrier is encoded with PLMN-ID

Option 2: The UE decodes the RMSI to get PLMN-ID, like CGI reporting in ANR 

Note that PCI capacity in NR was increased x2 LTE. Thus, the likelihood is already reduced by half. 

	Convida
	May be. Need further study
	

	OPPO
	Maybe.  Need further study
	RAN2 can study PCI confusion in NR-U.  For licensed spectrum, RAN2 has agreed the baseline ANR procedures.  However, we think network side coordination is also important in order to reduce the probability of PCI confusion.  If only rely on UE side, the overhead to read system information of neighboring cells may be considerable.

	ZTE
	No
	Current mechanism in NR can solve the PCI confusion. The ANR report contains the PLMN list, TAC, frequency band list, CGI and PCI, so gNB can identify the PCI confusion problem. If PCI confusion happens, gNB can solved by O&M configuration by changing PCI.

	Apple
	No
	ANR should be sufficient.

	Samsung
	Use report-CGI along with si-RequestForHO method
	Using proprietary methods and/or O&M configuration could be difficult to manage by the cellular network to avoid PCI confusion. It would be good to use report-CGI based ANR measurements to resolve this issue. Also, si-RequestForHO type mechanism is required where UE employs an autonomous gap to quickly acquire the SI just before actual mobility execution. This is required at least for the case, where UE is connected to a large PCell, there may be a huge number of tiny unlicensed cells within the coverage area of the PCell. Unless the network has some other way to determine which cell the PCI reported by the UE actually concerns (e.g. based on some finer RF fingerprint), si-RequestForHO would be needed

	vivo
	The study on PCI confusion should be deprioritized.
	The PCI confusion issue is not critical. In LAA, the PCI confusion issue has been discussed and concluded that it is not a big problem and can be detected by eNB implementation, e.g. by seeing that the UE is reporting good quality for a cell but no data communication works for this UE.
Since the time is limited, we proposed to deprioritize the study on PCI confusion.

	MediaTek
	Maybe
	Additional mechanisms can be studied but start with the existing methods.

	Panasonic
	ANR can be considered
	No clear clue showing the PCI confusion will occur more frequently in NR-U than in LTE/NR. We can still rely on ANR to solve the issue as in E-UTRAN.

	InterDigital
	No
	

	Charter Communications Inc
	No
	As mentioned by others, PCI confusion issue is not specific to unlicensed spectrum. What is different is that co-ordination amongst NR-U operating entities can’t be expected. While not fool-proof, relying on ANR could be acceptable as a first step. CGI reporting under discussion in Rel-15 NR is another potential solution.

Additional mechanisms could possibly be investigated either under RAN3-led NR SON SID or in later releases.

	ASUSTeK
	No
	We’ve discussed in LTE LAA that we don’t need to do anything.

	Qualcomm
	Maybe
	LAA still used licensed cell as PCell and thus O&M and proprietary mechanisms are more likely to be employed compared to NR-U standalone which can be expected to see a wider and ad-hoc deployment. 


Conclusion: 13 companies think that no additional mechanisms are needed to solve PCI confusion while 6 companies find further study useful. Since this problem is also tied to the one in Question 2, they can be discussed together based on contributions.
---------------------------------------------------------------

It would also be beneficial whether any changes are needed to the following measurement framework in NR licensed:

1. The UE derives the quality of a cell by measuring one or multiple beams associated with this cell. As trigger quantities and reporting quantities, RSRP, RSRQ, and SINR can be configured by the network.

2. The UE applies layer-3 filtering whose parameters are configured while layer-1 filtering is left to UE implementation provided that RAN4 requirements are satisfied.

3. The network may also configure the UE to report measurement information per beam (which can either be measurement results per beam with respective beam identifier(s) or only beam identifier(s)).

4. For multiple beams, the cell quality based on SS/PBCH block is the linear average of the power values of the highest beam measurement quantity values above a threshold where the total number of averaged beams shall not exceed a number N. If N =1, the UE uses the highest beam measurements.

Some modifications may be needed for NR unlicensed; for example, handling of missing measurements. However, these are stage-3 details and the basic framework can still be assumed going forward. 

Question 4: Do you agree that the above framework for performing measurements can also be used as a baseline for NR unlicensed? Provide justification if negative. 

	Company
	Response
	Additional Comments

	Sony
	Yes
	The above framework based on licensed spectrum should be used as baseline.

	LG
	Agree
	NR unlicensed channel measurement should be based on the channel measurement method of NR licensed. 

	HW
	Yes 
	We agree to use the licensed RRM framework as the baseline for unlicensed. 

	Nokia
	Yes
	

	Lenovo
	Yes
	

	Ericsson
	Yes
	Layer 3 filtering should already handle irregular sampling intervals.

	Intel
	Yes
	

	Convida
	Yes
	

	OPPO
	Yes
	We agree that the above framework can be used as baseline and then how to handle the missing measurement results is very critical and essential for RAN2 to discuss.

	ZTE
	Yes
	The measurement model in NR can be used as a baseline for NR-U

	Apple
	Agree
	The RRM measurement framework could be reused in NR-U.

	Samsung
	Agree
	Some enhancements can be considered for handling LBT failure based measurement misses. 

Detailed discussion about SS block specific measurement averaging and reporting can be considered after RAN1 makes sufficient progress on SSB transmission characteristics.

	vivo
	Yes
	As the RS transmission failure due to LBT may impact the accuracy of the measurement result, some studies in RAN2 might be needed if RAN1/RAN4 identified some issues.

	MediaTek
	Yes
	NR licensed measurement framework can be used as baseline for NR unlicensed.

	Panasonic
	Yes
	

	InterDigital
	Yes
	

	Charter Communications Inc
	Yes
	

	ASUSTeK
	Yes
	

	Qualcomm
	Yes
	


Conclusion: All companies agree that the NR licensed measurement reporting can be used as a baseline and handling of missing samples (due to LBT) should be studied further. The latter part can be discussed after RAN1 makes sufficient progress on RS transmissions.
Proposal 2: The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. The handling of missing measurement samples should be studied after RAN1 makes sufficient progress on RS transmissions.

---------------------------------------------------------------
In unlicensed spectrum, since the channel are shared by possibly uncoordinated entities such as different operators or technologies, the signal strength itself may not always reflect the actual quality of the channel. In LTE LAA, measurement reporting of channel occupancy and RSSI were introduced to help network assess the medium load. This can also be considered for NR-U.

Question 5: Do you agree that measurement of channel occupancy and RSSI can also be adopted for NR-U? In addition, please list any other measurement quantities which might be beneficial for unlicensed operation.

	Company
	Response
	Additional Comments

	Sony
	Yes
	Channel occupancy reporting would be beneficial

	LG
	Agree
	Channel occupancy and RSSI can be adopted for NR-U for measuring channel quality and load. In addition, discovery reference signal (DRS) can be adopted for radio link monitoring but we should check RAN1 progress.

	HW
	Yes
	In LTE LAA, we already has such mechanism, and this should be applied to NR unlicensed to detect hidden node.   

	Nokia
	Yes
	Our view is that measurements of RSSI and CO should be adopted. No additional measurement quantities are needed. 

	Lenovo
	Yes
	At least RSSI and channel occupancy should be part of NR-U.

	Ericsson 
	Yes
	

	Intel
	Yes
	These measurements are needed for channel selection at least during SCG and SCell addition.

	Convida
	Yes
	We agree that measurement of channel occupancy and RSSI should be adopted for NR-U.

	OPPO
	Yes
	

	ZTE
	Yes
	The measurement of RSSI and Channel Occupancy can be beneficial for unlicensed operation such as carrier selection including handover.

	Apple
	Agree
	Channel occupancy and RSSI can be adopted for NR-U.

	Samsung
	Agree but need confirmation from RAN1
	Interference based measurements are expected to be beneficial for mobility decisions and hence we may need to support such mechanisms eventually. However, supporting RSSI/channel occupancy measurements would also require significant RAN1 work (at least for above 6GHz) on defining measurement occasions. Hence, it is preferable that we progress this discussion in conjunction with RAN1.

	vivo
	Yes
	

	MediaTek
	Need RAN1 input
	This issue should be discussed in RAN1 first.

	Panasonic
	Yes
	RSSI can provide more precisely the channel quality indication in the unlicensed spectrum environment.

	InterDigital
	Yes
	

	Charter Communications Inc
	Yes
	

	ASUSTeK
	Yes
	Channel occupancy and RSSI reporting are used in LTE LAA and can be adopted for NR-U.

	Qualcomm
	Yes
	


Conclusion: All companies agree that channel occupancy and RSSI reporting would be beneficial for NR-U. 3 companies think that RAN1 input is needed.

Proposal 3: Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

---------------------------------------------------------------
It would also be good to check if any modifications are needed to the measurement configuration and reporting for mobility purposes. NR has adopted the same methodology of measurement identities, objects, reporting and quantity configuration from LTE as well as measurement gaps.  Similarly, the concept of serving cells, listed cells, and detected cells were adopted. 

Some enhancements may be needed to guarantee robustness when reference signals are not always available. For example, measurement gap configuration may need to be extended for this purpose to accommodate varying RS transmission times due to LBT and/or asynchronicity between nodes. 

Question 6: Do you foresee any enhancements/modifications needed for measurement configuration and reporting? If so please list them with justification.

	Company
	Response
	Additional Comments

	Sony
	Yes
	Seems reasonable to consider or at least study potential issues in this area.

	LG
	For EN(U)-DC case, white list is needed for B1/B2 event.
	For SCG addition of EN(U)-DC, the network will configure B1/B2 event. In the case, if white list is not configured, other PLMN cell might be reported. Therefore, for EN(U)-DC where SCG is NR-U, white list is needed for B1/B2 event.

	HW
	Yes
	In our understanding, enhancement on procedure as well as extension of some configuration parameters may be needed. Also for measurement related issues, RAN2 should discuss in conjunction with RAN1. 

	Nokia
	Yes
	Measurement of unsynchronized (to the operating PCell) unlicensed cells may require some changes in the measurement gap configuration.

Enhancements are needed for RLM/RLF handling due to LBT (see, e.g. R2-1807126) 

	Lenovo
	Yes
	The extension of the measurement gaps should be studied by RAN4. It will be good to understand from RAN1 if the existing ranges of measurement configuration IEs (like L3 filtering etc.) are sufficient.

	Ericsson
	Yes
	Both configuration and reporting may need enhancements. Might need channel occupancy and RSSI and PLMN. Asynch deployments might need sliding measurement gaps or similar.

	Intel
	
	It depends on RAN1 Reference Signal design for NR unlicensed. But would expect at least some changes in configuration and parameter range.

	Convida
	Yes
	Some enhancements/modifications will be necessary for NR-U and should be studied, but we first need to understand the impacts of LBT on the measurements themselves; e.g. how to accommodate varying RS transmission times due to LBT and this is in part dependent on RAN1 design.

	OPPO
	Yes
	

	ZTE
	Yes
	In order to support inter-frequency handover on NR-U, additional measurement and report of RSSI and channel occupancy is necessary.

	Apple
	Yes
	We agree some enhancements are needed to handle the case where reference signals are not always available. 

	Samsung
	Agree
	1) Measurement gap enhancement may be required considering that any interfering device acquiring the channel can reserve the channel for time period greater than measurement gap (~10ms), which may result in degradation of mobility performance.

2) Based on RAN1 enhancements of SS/CSI-RS transmissions (e.g. extension of SSB range or more repetitions), would eventually require support from RAN2 in terms of measurement configuration framework. However, details can be left for Stage-3.

	vivo
	Yes
	The RS blockage due to LBT may have significant impacts on the RLM.

	MediaTek
	Maybe
	Any enhancements/modifications depend on RAN1 input.

	Panasonic
	Maybe
	Since the outcome of LBT is not predictable, enhanced measurement gap configuration may not be able deal with the case where RS absence is long. One possible way is to rely on L1 signaling to know the channel occupation time and then perform the measurement accordingly.

	InterDigital
	Yes
	Enhancements to deal with reference signals that may not always be present and to consider channel occupancy.

	Charter Communications
	Yes
	We agree with others with respect to the need to study measurement gap enhancements as a result of LBT.


Conclusion: There is consensus that some modifications will or may be needed for measurement configuration and reporting, even though the details will depend on reference signal design by RAN1.  At a minimum, measurement gaps should be enhanced to accommodate varying RS transmission times due to LBT and/or asynchronicity between nodes.
Proposal 4: Enhancements to measurement gaps to support  varying RS transmission times due to LBT and/or asynchronicity between nodes should be studied.
---------------------------------------------------------------
Rel-15 NR supports so called backward handover, similar to LTE, where the measurement results are provided to the serving eNB which can then send a handover command to the UE in order to configure the UE access the target eNB for handover completion. Several enhancements to this basic scheme were briefly discussed but were not specified in Rel-15.  Of particular importance are conditional handover and fast handover failure recovery mechanisms which are expected to be studied further and specified in Rel-16. Similar enhancements are also very important for unlicensed operation to reduce the likelihood of handover failures which can happen not only due to signal strength but also due to temporary LBT failure as well as interference. Other enhancements to be studied in Rel-16 for NR licensed can also be adopted for NR-U.

Question 7: Do you agree that mobility enhancements such as conditional handover to improve handover failures due to LBT should be studied for NR-U? Please also list other options if any.

	Company
	Response
	Additional Comments

	Sony
	Yes
	We think that e.g. mobility enhancements such as conditional handover or similar should be studied, as well as usage of uplink measurements.

	LG
	Agree
	Conditional handover can reduce the handover failure. For example, the LBT succeeded when UE reports measurement result. However, LBT may be failed when UE performs handover. It may cause handover failure. If UE performs conditional handover, there is no time delay between measurement report and handover complete message. So, the handover failure can be reduced.

	HW
	No 
	LBT failure only results in handover delay but will not increase the handover failure compared with licensed scenario. We have already agreed to utilize licensed design as a baseline for unlicensed. Considering relevant discussion has not been finished in licensed as well as allocated TU is limited, we shall not discuss condition handover until there is equivalent progress in licensed. 

	Nokia
	No
	In Rel-16 NR-U should use the procedures specified for licensed NR. NR-U specific optimization could be done in later releases.

	Lenovo
	Yes
	Conditional handover should be part of the study. Whether this is part of a work item later, and alignment with progress of conditional handover in licensed bands, is an issue outside of the scope of the study item.

	Ericsson
	Yes
	

	Intel
	No
	Our view is that such mobility enhancements are equally applicable to NR licensed case. Our understanding is that such enhancement will also be discussed in Rel-16 for the NR licensed case and such enhancement should be discussed together with the licensed case to ensure consistency in the solution.

	Convida
	Yes
	

	OPPO
	Yes
	We agree with the benefits of conditional handover for NR-U scenario.  However, not so sure how to handle this is there will be parallel discussion in NR mobility WI.

	ZTE
	Yes
	More mobility enhancements such as Make before break, RACH_less, Handover by using dual connectivity should be considered to improve the handover delay or failures due to LBT for NR-U

	Apple
	Agree
	Conditional HO is helpful to reduce HOF in NR-U.

	Samsung
	Conditional Handover should be supported
	Given that unlicensed channel acquisition is subject to LBT, high delays can be expected for handover operation. Hence, it makes sense to increase reliability of handover procedure by using enhanced schemes like conditional handover. 

	vivo
	Yes
	It seems that the conditional handover will be part of the NR mobility study. Probably we can just reuse what have been specified in the NR mobility study, so as to save our time in NR-U.

	MediaTek
	No
	We should wait for progress in the mobility enhancements work item for NR licensed before proceeding on this topic.

	Panasonic
	Yes
	Conditional HO can be further studied as the handover failure is more likely to occur in NR-U.

	InterDigital
	Yes
	

	Charter Communications Inc
	No
	Given the uncertainty of accessing the physical medium (either before, during, or immediately following the handover command), we do believe enhancements to handover mechanisms are required. However, given the limited number of TUs for NR-U SID, we are okay to adapt the basic handover techniques per existing NR specifications, and study the required enhancements brought about by LBT in future releases.

	ASUSTeK
	No
	Conditional handover for NR-U is better to study in conjunction with NR licensed progress or in later releases.

	Qualcomm
	Yes
	Even though this has not been specified for NR licensed, it is more essential for NR-U due to LBT uncertainties and can be discussed for NR-U.


Conclusion: 13 companies support to study conditional handover for NR-U while 6 companies think that this is also applicable to licensed design and there should at least be alignment between them. Conditional handover is part of the handover enhancements  in the scope of Rel-16 Mobility Enhancements which will start in Q1 2019. A reasonable conclusion would be to focus on if there are any unlicensed specific issues for handover enhancements.
Proposal 5: Unlicensed specific issues for mobility enhancements which are also considered for NR licensed (e.g. conditional handover) to improve handover reliability can be studied within NR-U Study Item.

---------------------------------------------------------------
In unlicensed operation, a channel (carrier) can become congested due to interference and it may become necessary to move to a less occupied channel. This is for example widely used in WiFi. The implication for NR-U is that the gNB will need to perform handover for all the users which have PCell in this carrier. This will incur excessive signalling and may not even be feasible due to the congested current PCell under current signalling. Therefore, optimizations to make this operation more efficient seem essential. 

Question 8: Do you agree that solutions to improve the efficiency of channel switching be studied? 

	Company
	Response
	Additional Comments

	Sony
	Yes
	We suggest to study if multiple channels can be configured on RRC level and to use L1 signalling for efficient channel switching based on current radio conditions.

Further we consider an allocated carrier/channel may be relatively wide and in an unlicensed system it could be beneficial to view such wide channel as a multiple of 20MHz sub-channels with individual usage based on current radio conditions for each sub-channel

	LG
	Agree
	Channel switching need to be studied. BWP can be adopted for load balancing within unlicensed band. In addition, we think the channel switching can be studied not only within unlicensed band but also between licensed band and unlicensed band. We may need to consider the balance between the load (by switching to unlicensed band) and latency (by switching to licensed band).

	HW
	Yes but up to RAN1
	As L1 signaling is used for channel switching and RAN1 is still discussing enhancement on BWP operation which also relates to channel switching, we propose to leave the discussion to RAN1. 

	Nokia
	No
	We think that this as an optimization that could be studied in later releases.

	Lenovo
	No
	At first, we need to clarify whether BWP switching is sufficient for channel switching. This should be the benchmark for considering other solutions.

	Ericsson
	No
	We do not see a great need for this, users can be gradually moved to other cells when load increases. Large increase of load on a carrier should not happen often, so no need to optimize for that. If switching would be controlled by L1 command, there is an issue with security if the command can be faked by an adverse node. 

	Intel
	No
	Bandwidth adaptation has been introduced in NR licensed. Such scheme should also be applicable to unlicensed.

BWP concept should also be introduced for NR unlicensed.

	Convida
	No
	Share the same view as Lenovo

	OPPO
	Neutral
	We tend to agree with the potential issue of congestion for NR-U.  Agree with companies if BWP concept can be reused.  If not, then we can consider such enhancement.

	ZTE
	Yes
	Channel (carrier) switching procedure such as handover, RRC reestablishment, BWP switch need to be studied.

	Apple
	Agree
	The concept of BWP could be adopted here for fast channel switch.

	Samsung
	No
	Channel switching could be beneficial for the case when NR-U cell bandwidth is same as unlicensed sub-band. However, since RAN1 is already studying mechanisms where BWP operation can be performed over multiple unlicensed sub-bands, it needs to be further discussed whether exiting mechanisms of BWP switching can be readopted as a solution for channel switching.

Using RRC based switching optimizations can bring many complications from UE side, and we should try to avoid them.

	vivo
	
	We are open to this discussion. Some evaluation might be needed to see how much improvement the enhancements can bring.

	MediaTek
	Yes
	Existing BWP mechanisms as well as UE based mechanisms should be studied for channel switching.

	Panasonic
	Neutral
	Performance study on BWP switching can be done first. If BWP switching is not able to address some issue, then further study on channel switching is needed.

	InterDigital
	Yes
	We think it should be studied. The starting point should be BWP switching.

	Charter Communications Inc
	Yes
	Given the associated operational impacts, we believe this case must be studied. RAN1 may also need to weigh in.

	ASUSTeK
	No
	BWP operation is sufficient to address the issue.

	Qualcomm
	Yes
	One shortcoming of BWP switching is that the UE can’t utilize the complete carrier spectrum since all configured BWPs are within the carrier bandwidth. 


Conclusion: 9 companies want to study channel switching enhancements; 2 companies are neutral;  4 companies think that BWP switching is sufficient or whether this is not sufficient should be studied first while the rest think that this is either not needed or should be studied later as an optimization. Since there is no significant majority on this, it can be discussed based on contributions. 
---------------------------------------------------------------
RAN2#102 has agreed that “4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress”. In the meantime, RAN1 has agreed on the following:

· Enhancement to 4-step RACH

· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure

· 2-step RACH potentially has benefit for channel access

The 2-step RACH procedure will impact the RRC setup/resume/re-establishment procedures as well as the handover completion. Reduced msg 1/2/3/4 transmission opportunities can also impact these procedures, at least for the handling of failure cases. Therefore, it makes sense for RAN2 to start discussing these and identify issues and solutions.

Question 9: Do you agree that 2-step RACH and reduced msg 1/2/3/4 transmission opportunities for 4-step RACH will impact NR-U mobility? If so, please list these with justification.

	Company
	Response
	Additional Comments

	SONY
	Yes
	2-step RACH should to be studied

	LG
	Agree
	If the target cell does not require the UL synchronization, the 2-step RA can be used for the RRC setup/resume/re-establishment/HO procedures. It is obvious that the 2-step RACH is beneficial to the channel access of a UE because it reduces the possibility of LBT failure.

	HW
	Partially yes 
	RACH is a part of HO procedure and reduced msg 1/2/3/4 transmission opportunities for 4-step RACH will impact mobility. However, since successful LBT is needed before each transmission, not only RACH but also other messages transmitted between the UE and network will impact mobility. Therefore, the general discussion should be how to reduce the latency for mobility due to LBT failure. 

	Nokia
	Yes/No (see comments)
	Enhancements for 4-step RACH should be studied.

2-step RACH is not NR-U specific, it should be studied if it is agreed for licensed NR. 

Note that RACH procedure is not only for mobility.

	Lenovo
	Yes
	The 2-step RACH might be better suited for NR-U mobility in view of the LBT requirements. Also, as other companies pointed out, if 2-step is not possible and TA must be obtained using a 4-step RACH procedure then RAN2 needs to consider means to overcome the delay uncertainties coming from LBT requirements.

	Ericsson
	Yes
	For unlicensed operation, four-step contention-based random-access procedure implies that up to four independent LBT procedures need to be performed, two by the UE and two by the eNB. This can significantly increase the delay and failures in connecting to the network. Therefore, RACH completed in two steps is needed to get lower RACH delay and lower RACH failure rate.

	Intel
	Partially yes
	Our view is that 2-step RACH is equally applicable to NR licensed case. Our understanding is that such enhancement will also be discussed in Rel-16 for the NR licensed case and such enhancement should be discussed together with the licensed case to ensure consistency in the solution.

As baseline, 4-step CBRA enhancement needs to be first studied and delay due to LBT during the random access procedure needs to be reduced for not just NR-u mobility (i.e. handover/re-establishment) but also connection resumption/establishment.

	Convida
	Yes
	2-step RACH should to be studied. The reduced msg 1/2/3/4 transmission opportunities can increase the latency of the RACH procedure and negatively impact the overall robustness of the NR-U mobility.  Also share the view that if 2-step is not possible and TA must be obtained using a 4-step RACH procedure then RAN2 needs to consider means to overcome the delay uncertainties coming from LBT requirements.

	OPPO
	Yes
	We agree 2-step RACH and 4 step RACH on NR-U will have impact on mobility procedure.

However, given that 2-step RACH is not supported for licensed operation, we think the impact of reduced msg 1/2/3/4 transmission opportunities for 4 step RACH on NR-U mobility should be firstly studied.

	ZTE
	Partially yes
	Agree with HW. More general considerations to reduce the latency for mobility should be discussed in RAN2. 

	Apple
	Agree
	2-step RACH could help reducing the LBT failure probability.

	Samsung
	This issue should not be discussed here
	Enhancements to 4-step RACH/2-step RACH procedure can potentially bring performance gains, but without understanding how the given procedures work it is not possible to identify issues and solutions for RRC mobility mechanisms. UP is the correct agenda to discuss this issue initially, and if any changes are required in CP based on the outcome of discussion, then those enhancements can be considered later.

	vivo
	Yes
	Reduced msg 1/2/3/4 transmission opportunities will delay the RRC setup/resume/re-establishment procedures. And 2-step RACH procedure will compensation the delay.

	MediaTek
	Yes
	We tend to agree with Nokia’s comments, but expect that RAN2 will follow RAN1 progress for 2-step RACH.

	Panasonic
	Yes
	At least 2-step RACH needs to be further studied.

	InterDigital
	Yes
	Latency may be worse in NR-U with 4-steps RACH due to LBT. 2-steps RACH should improve this. 

	Charter Communications Inc
	Yes
	Given the uncertainty of physical medium’s availability, and the possibility of an exponential backoff due to transmission failure, regardless of whether 2-step RACH is being explored for Rel-16 NR case, it should be studied for NR-U.

	ASUSTeK
	Yes
	It is possible to reduce latency caused by LBT by using 2-step RACH procedure. It is better to study in conjunction with licensed NR.
With reduced msg transmission opportunities due to LBT failure, it is unavoidable that the UE may not be able to perform RACH successfully and NR-U mobility may be impacted.

	Qualcomm
	Yes
	


Conclusion: All companies agree or partially agree that both 2-step and 4-step RACH performance are important for mobility and therefore enhancements, considering the LBT impact, to improve performance should be studied.
Proposal 6: For improved mobility performance, both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.
---------------------------------------------------------------
In Idle/Inactive mode mobility, the UE uses RSRP/RSRQ values as well as dedicated frequency priorities in cell reselection. For unlicensed operation, one additional factor could again be the channel occupancy and interference by which the UE can camp on less congested cells. These can be measured by the UE or, similar to WiFi, can be broadcasted.

Question 10: Do you agree that channel load metrics should be used cell reselection in Idle/Inactive mode? Please also list additional factors which be considered in NR-U Idle/Inactive mode mobility.

	Company
	Response
	Additional Comments

	Sony
	TBD
	No strong view, and not sure about justification for additional metrics

	LG
	Disagree
	If we consider channel load metrics in Idle/Inactive mode, additional measurement should be performed. The additional measurement would be cause power consumption. If we need to consider load balancing in Idle/Inactive, adopting re-distribution in NR-U Idle/Inactive could be a solution.

	HW
	TBD
	For idle mode mobility, we would like to hold corresponding discussion until there is clear guidance in licensed. 

	Nokia
	No
	Our view is to use the same parameters as licensed NR for cell reselection. RSSI and CO are not independent from the currently used parameters, thus the benefit of adding them is not clear.

	Lenovo
	Too early for such optimization
	

	Ericsson
	Yes, including connected mode mobility.
	

	Intel
	No
	Cell reselection criteria for NR licensed should be the baseline. Whether any further metrics are needed should be justified. UE can still be handover or BWP switching during connected mode if the channel is loaded. Also that RSSI measurement which represents load situation is already reflected in RSRQ measurement.

	Convida
	Too early for such optimization
	

	OPPO
	Yes
	

	ZTE
	Yes
	The hidden node issue should be taken into the consideration of interference around UE on the unlicensed carrier. RSRP and RSRQ cannot reflect contention situation on NR-U carrier. It is necessary to introduce additional channel load metrics such as RSSI and channel occupancy to reflect the contention situation.

	Apple
	No strong view
	We are open on this and would like to have more time evaluating it.

	Samsung
	May not be required
	We agree that interference on a carrier should be taken into account for cell (re)selection, however, the same can potentially be achieved using current reselection rules (e.g. frequency specific priorities). Existing mechanisms should be sufficient to handle semi-static load variations on a carrier. If a need is identified to handle this dynamically, then we may require further discussion.

	vivo
	No
	Not for intra-freq reselection. For UE select a cell with low quality will cause potential UP interference even if the channel load of the selected cell is low. 

	MediaTek
	TBD
	It is too early at this stage in the SI to make such decisions.

	Panasonic
	Yes
	Channel load is an important factor to be considered while selecting the serving cell in the unlicensed spectrum. For idle mode UE, the channel load is less important (than connected mode UE) so a smaller weight can be applied to it.

	InterDigital
	Yes
	It would make sense if it is also used for connected mode mobility.

	Charter Communications Inc
	No
	Since CO/interference can vary very rapidly, there is no clear benefit from broadcasting these by the gNB. Furthermore, RSRQ is a metric that already captures interference levels. 

	ASUSTeK
	Yes
	Channel load metrics could be studied for cell reselection in Idle/Inactive mode. Besides, IDC could also be considered. 

	Qualcomm
	Maybe
	If they are adopted for connected mode mobility, alignment between Idle and Connected could be beneficial


Conclusion: 6 companies support adopting channel load metrics for Idle mode mobility, 7 companies are against, and 6 companies are neutral. Therefore, this can also be discussed based on company contributions.
3. Conclusion

Based on the feedback provided by companies, the following are observed and proposed:

Proposal 1: It can be assumed for further study that recurring transmissions (within a window which starts periodically) of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT will occur.

Proposal 2: The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. The handling of missing measurement samples should be studied after RAN1 makes sufficient progress on RS transmissions.

Proposal 3: Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

Proposal 4: Enhancements to measurement gaps to support  varying RS transmission times due to LBT and/or asynchronicity between nodes should be studied.
Proposal 5: Unlicensed specific issues for mobility enhancements which are also considered for NR licensed (e.g. conditional handover) to improve handover reliability can be studied within NR-U Study Item.

Proposal 6: For improved mobility performance, both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.
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Annex A: Objectives of the NR Unlicensed Study Item

The SID on NR-based Access to Unlicensed Spectrum has been approved in RAN#77 [1] with the following objectives:

	· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 

· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI

· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz

· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 

· Consider similar forward compatibility principles made in the NR WI 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 

· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

The above study will address the following architectural scenarios (RAN2): 

· An NR-based LAA cell(s) connects with an LTE or NR anchor cell operating in licensed spectrum

· The study assumes the techniques for linking between Pcell (LTE or NR licensed CC) and Scell (NR unlicensed CCs) according to the NR WI

· An NR-based cell operating standalone in unlicensed spectrum, connected to a 5G-CN network with priority on frequency bands above 6GHz, e.g., for private network deployments; 

· Study how to ensure from a RAN level that connection and security management can be integrated with the E-UTRAN, NG RAN and 5G CN architecture, including service continuity requirements for users moving between cells of licensed and unlicensed frequency bands, liaising with SA2 as required


Annex B: RAN1/RAN2 Agreements on NR Unlicensed SI

RAN1#92 Agreements

Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).

· FFS: The definition of the frequency ranges

· Note: Optimizations for a particular frequency band may be necessary.

· Note: Channel bandwidths below 5 MHz are not targeted

· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.

· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.

· The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands.

Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation

· NR-unlicensed simulation evaluation considers the following scenarios

· Indoor sub-7GHz, 2 operators

· Outdoor Sub-7 GHz, 2 operators

· Indoor mmW, 2 Operators

· Outdoor mmW, 2 operators

· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.

· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.

· Deployment scenarios to simulate

· CA between NR licensed cell and NR unlicensed cell

· DC (with LTE and with NR)

· SA

· An NR cell with DL in unlicensed band and UL in licensed band

· Note: A single set of evaluations may be applicable to multiple scenarios

· Note: Only unlicensed cell(s) is simulated.

· Note: The licensed cell may not be explicitly modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 

· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)

· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)

· Fairness criterion for coexistence with 11ax can be further discussed at plenary level

· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)

· From SID: NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (eg. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations

· Note: The study assumes regulation will provide the framework concerning the protection for the techonologies not using unlicensed access in those bands

Note (for the minutes): Some companies believe that a prioritization among the agreed simulation scenarios may be necessary.

Agreement:
The following network topologies are included in the evaluations:

· Indoor sub7GHz, choose one of the following options

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)

· Option 3: Based on IEEE indoor enterprise model with modifications

· Outdoor sub7GHz

· NR dense urban scenario with two layers, but only consider the micro layer

· Randomly drop one micro layer per operator

· Indoor mmW

· Reuse indoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

· Outdoor mmW

· Reuse outdoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U

· An NR cell with DL in unlicensed band and UL in licensed band

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Agreement:
From RAN1 design perspective, the study is not limited to a particular unlicensed band

Note: This does not have any implications on prioritizations between unlicensed bands

Note: The study does not target sub-1GHz unlicensed bands

RAN1#92bis Agreements

Agreement:
In the discussions in the NR-U study item, references to sub-7 GHz are intended to include unlicensed bands in the 6 GHz region that are being discussed in regulatory discussions which may have some region exceeding 7 GHz (e.g., 7.125 GHz)

Agreement:
· For sub7 indoor simulation evaluation:

· Scenario: Option 2 (3+3) with indoor mixed office model

· Target to reach 10%-15% serving links below -72dBm

· Further layout parameter fine tuning may be needed. An example procedure for fine tuning is the following sequence.

· Currently a-b-a=15-20-15

· If not reaching target, try a-b-a=15-30-15 and a-b-a=20-40-20

· If not reaching target, apply a scaling factor to the layout with a-b-a=20-40-20

· Other parameters: Default is NR parameters in 38.901 and 38.802 with the exception of the following

Agreement:
· For sub7 outdoor simulation evaluation:

· Select one of the following for the Outdoor sub-7 GHz scenario

· Alt 1: Each operator randomly drop [1 or 2] micro-layer TRPs within each macro cell with minimum dibstance between gNBs as in NR

· Use NR dense Urban option 1 (gNB dropped at the center of the hot-spot)

· Independent dropping between two operators

· Use the NR current [57.9] meters intra-operator minimum distance

· Use [10] meters as the inter-operator minimum distance

· UE randomly dropped within [28.9] meters within the serving cell

· Alt 2: Drop [1 or 2 or 3] hot spots as in NR urban option 1

· Within each hot-spot, randomly drop one gNB from each operator within a circle of radius [10] meters centered at the center of the hot-spot 

· The minimum inter-gNB distance is [10] meters

· Within each hot-spot, drop UE within [28.9] meters from the hot-spot center

· Parameters: Use the indoor sub7 table as baseline, with further fine tunes possible

Agreement:
· For calibration for sub-7 GHz indoor and outdoor scenarios, companies should submit for the baseline scenario:
· Cdf of received signal power from serving cell

· Optional: Cdf of received signal power from each of the all non-serving cells (including the cells from the other operator)

Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 

· Additional starting positions and durations are not precluded

· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz

· Study performance difference between different SCS

· Study if changes to UL design are needed to meet the PSD and OCB requirements

· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 

· Impact on MIB and SIB1 content 

· Need for use of ECP for 60KHz

· RACH design with 60KHz SCS in addition to options currently part of NR

· Other considerations are not precluded. 

· Impact on support of different BWs with different SCS

· Study supporting more than one switching points within a TxOP

· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U

· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range

Agreement:
· Study possible enhancements for HARQ operation 

· Study changes needed for Configured Grant support in NR-U

· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 

in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  

multiple of 20MHz 

· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms

· Techniques to cope with directional antennas/transmissions

· Receiver assisted LBT : RTS/CTS type mechanism

· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 

· Techniques to enhance spatial reuse 

· Preamble detection

· Enhancements to baseline LBT mechanisms above 7 GHz

· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 

· Note: Other aspects are not precluded from being included

RAN1#93 Agreements

Agreement:
· For sub7 GHz outdoor scenario, adopting the following

· Macro deployment with ISD=200×A meters

· Each operator randomly drops 1 micro-layer TRP within each macro cell sector with minimum distance between micro-layer TRPs equals 57.9×A meters

· Independent dropping between two operators

· Use 10 meters as the inter-operator micro-layer TRP minimum distance

· For the inter-operator micro-layer TRP maximum distance

· Outdoor scenario 1: 30

· Outdoor scenario 2: No limit as long as the TRP is within the macro cell

· UE randomly dropped within macro cell sector with a minimum serving cell RSSI of -82dBm

· All UEs dropped outdoor

· Try A>=1 and find the A that satisfies serving cell received power distribution satisfies (10+X)% to (15+X)%] UEs below -72dBm

· Other parameters follow the table below

	Parameters
	Outdoor Sub-7GHz

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline , 80MHz optional

	Number of carriers
	1

	Number of users per operator
	5 per gNB per 20MHz

	SCS
	To be reported together simulation results

	Channel Model
	NR UMi street canyon

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Baseline Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

Optional Tx/Rx: (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability

	gNB to gNB link pathloss model
	Directly use UMi street canyon pathloss model with proper d_3D with UMi street canyon LOS probability


Email discussion on calibration of parameters A and X targeting a single setting of parameters for both outdoor scenarios
Qualcomm (Jing)
Agreement:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported

· LBT requirements to support single or multiple switching points, include

· For gap of less than 16us: no-LBT can be used 

· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 

· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 

· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 

· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 

· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 

· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.

Agreement:
· Study FBE (as in the ETSI BRAN specifications) based frame structure

· Identify the changes needed to support FBE operation of NR-U

· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 

· Strive to minimize the change from current NR design

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 

· UE power saving

· Improved coexistence

· Spatial reuse at least within the same operator network 

· Serving cell transmission burst acquisition

· FFS: further usage scenarios

Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission

· FFS: Other channels and signals transmitted together as part of the signal

· The design of this signal should consider the following characteristics specific to unlicensed band operation

· There are no gaps within the time span the signal is transmitted at least within a beam

· FFS: Whether any gaps are needed for beam switching and, if needed, their duration

· The occupied channel bandwidth is satisfied (although this may not be a requirement)

· Strive to minimize the channel occupancy time of the signal

· Characteristics that may facilitate fast channel access

Agreement:
· An interlaced waveform can have benefits in some scenarios including

· Link budget limited cases with given PSD constraint

· As one option to efficiently meet the occupied channel bandwidth requirement. 

· A waveform contiguous in frequency may be adequate in some scenarios

· To inherit legacy contiguous allocation designs.

Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that block-interlaced based PUSCH can be beneficial. 

· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 

· The following aspects can be considered for interlace waveform based PUCCH design:

· Flexible number of OFDM symbols

· Flexible payload size

· User multiplexing

· Number of formats

Agreement:

· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that interlaced based PRACH can be beneficial. 

· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:

· Interlacing based on PRB or REs

· Targeted cell sizes

· Targeted PRACH capacity

· Targeted false alarm and detection rates

· Targeted timing estimation accuracy

· Number of formats

· Multiplexing with other channels such as block interlaced PUCCH and PUSCH

Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 

· Further enhancements not precluded 

· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 

· Further enhancements not precluded 

· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 

· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 

· No-LBT option can be applied to 6GHz band if allowed by regulation

· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band

Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

Agreement: 

· Initial active DL/UL BWP is approximately 20MHz for 5GHz band

· The final value will be quantized to number of PRBs

· Initial active DL/UL BWP is approximately 20MHz for 6GHz band if similar channelization as 5GHz band is used for 6GHz band

· FFS: Initial active DL/UL BWP for other applicable bands, including 60GHz

Agreement:
The following modifications to initial access procedures are beneficial

· Modifications to initial access procedures considering limitations on access to the channel based on LBT

· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure

· Enhancement to 4-step RACH

· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure

· 2-step RACH potentially has benefit for channel access

Agreement:
· Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied

Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied

Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial

· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required

· Mechanisms to support this need to be identified

· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted

· Mechanisms to support this need to be identified

Agreement:
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial

· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities

Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified

· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 

· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U

Agreement:
· The following modifications to the configured grant procedures are beneficial

· Removing dependencies of HARQ process information to the timing

· Introducing UCI on PUSCH to carry HARQ process ID, NDI, RVID

· Introducing Downlink Feedback Information (DFI) including HARQ feedback for configured grant transmission

· Increased flexibility on time domain resource allocation for the configured grant transmissions

· Supporting retransmissions without explicit UL grant

RAN2#102 Agreements

The following were agreed based on the outcome of the email discussion report (R2-1808941) for the scope of the RAN2 work:

1. The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.

2. NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.

3. Support of asynchronous networks for will be addressed in the study (excluding the NR-U LAA case). 

4. Changes needed to configured grants should be studied.

5. Multiple beam operation and related procedures should be studied.

6. RAN2 will also consider all the bands included in RAN1 study.

For RACH, the following were agreed:

1. Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2. 4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3. We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U
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