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1. [bookmark: _GoBack]Introduction
At the RAN1 NR-Adhoc #1901 meeting, the enhancements to initial access procedure for NR-U were discussed [1], and following proposals were provided in summary document [2] although there was no consensus on them at the RAN1 NR-Adhoc #1901 meeting. 
	Proposal: 
· The maximum number of candidate SSB positions within DRS transmission window, Y, is dependent on SS/PBCH Block SCS 
· Y = [10] for 15 kHz SCS, Y = [20] for 30 kHz SCS

Proposal: 
· The maximum DRS transmission window duration (and consequently serving cell DMTC) is not extended beyond NR SMTC of 5 ms
· Maximum number of actually transmitted SS/PBCH blocks within the DRS transmission window: 
X = 2 for 15 kHz SSB SCS, X = 4 for 30 kHz SSB SCS
· Duration of the actually transmitted DRS within the window is up to 1 ms when employing Cat-2 LBT

Proposal:
· The mapping between candidate SS/PBCH block location index i (i = 0, 1, …, Y-1) to actually transmitted SS/PBCH block index i_SSB is given by i_SSB = i mod X (e.g. periodically wrapping around);
· Shift granularity between group of SS/PBCH blocks: 0.5 ms 

Proposal: 
· UE determines the frame timing based on a half frame indicator and one of
· Alt-1: A combination of PBCH DMRS sequence and [3] bits in the PBCH payload 
· Alt-2: PBCH DMRS sequence only
· FFS: If number of PBCH DMRS sequences is increased beyond 8
· Alt-3: A combination of PBCH DMRS sequence and SSS

Proposal:
UE may assume a QCL relation between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission windows within a given cell
· FFS: Number of PBCH DMRS sequences
· Alt-1: Same as Rel-15
· Alt-2: New/additional sequences
· FFS: Whether or not UE may assume QCL relation for SS/PBCH blocks with different PBCH DMRS sequences
Alternate proposal: UE may assume a QCL relation between SS/PBCH blocks with the same position across different DRS transmission windows within a given cell



In this contribution, we discuss further on the enhancements to initial access procedure, random access procedure and RRM/RLM procedures for NR-U operation. 
2. Discussion on enhancements to SS/PBCH block transmission as part of DRS
2.1	NR-U DRS transmission in other candidate position due to LBT failure
In NR-U, when some SS/PBCH block transmission is dropped due to LBT failure, the SS/PBCH block with same QCL assumption with dropped SS/PBCH block can be transmitted in other candidate SS/PBCH block position within the DRS transmission window. It means that UE needs to search SS/PBCH block(s) during the DRS transmission window duration e.g., for RRM/RLM procedure. To save the UE complexity for SS/PBCH block search, the duration of DRS transmission window should not be too long. Considering the DMTC window duration in LTE-LAA and SMTC window duration in Rel-15 NR, the duration of NR-U DRS transmission window could be 5ms or 6ms.
Proposal 1: The duration of NR-U DRS transmission window is [5 or 6]ms.
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Figure 1: Expanded candidate SS/PBCH block positions within DRS transmission window

Within the DRS transmission window, candidate SS/PBCH block positions can be defined. We consider that SS/PBCH block mapping pattern within a slot i.e., Case A/B/C for FR1 [3] should be reused in NR-U as shown in Figure 1. The number of candidate SS/PBCH block positions within DRS transmission window, i.e., Y is 10 or 12 in case of 15kHz SCS, and is 20 or 24 in case of 30kHz SCS.
Proposal 2: The number of candidate SS/PBCH block positions within NR-U DRS transmission window is [10 or 12] in case of 15kHz SCS or [20 or 24] in case of 30kHz SCS.

For the mechanism of SS/PBCH transmission in NR-U, QCL assumption and frame timing determination for expanded candidate SS/PBCH block positions are key issues. In Rel-15, SS/PBCH block index is used to determine both half-frame timing and QCL assumption. QCL information such as beam index information (“effective SSB index”) is necessary for RRM measurement with beam reporting case, and hence such beam index information should not be carried by PBCH payload, otherwise UE needs to decode PBCH of neighbour cells for beam reporting. Therefore, we propose to carry QCL information such as “effective SSB index” by DMRS for PBCH in SS/PBCH block. In addition, it should be sufficient that the range of effective SSB index is from #0 to #7, as Lmax = 8 in Rel-15 FR1. Therefore, the sequence generation for DMRS for PBCH in Rel-15 could be reused, i.e., number of PBCH DMRS sequences should be same as Rel-15.
Proposal 3: In NR-U, UE may assume a QCL relation between SS/PBCH blocks with the same PBCH DMRS sequences.
· The index represented by PBCH DMRS sequence can be defined as “effective SSB index”
· The number of PBCH DMRS sequences is same as Rel-15, i.e., the range of effective SSB index is from #0 to #7.

For the half-frame timing determination, some information needs to be carried in PBCH payload if Rel-15 PBCH DMRS sequence is used to carry “effective SSB index” only. In Rel-15 NR FR1, although UE is not required to read PBCH payload of target cell before RACH for handover, there are some other cases where UE needs to read PBCH payload of target cell, such as PSCell addition for asynchronous EN-DC and SFTD measurement. Hence, carrying information for half-frame/frame timing determination in PBCH payload should also be acceptable for NR-U. A possible concern on carrying timing related information such as “candidate SSB position index” in PBCH payload is that if such information is different across different candidate SSB positions within a DRS burst, it would make PBCH soft combining within the burst complicated. Therefore, it would be preferable that the timing related information in PBCH payload is same among all or at least part of SSBs within a DRS burst. We consider following two alternative approaches.
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Figure 2: Expanded candidate SS/PBCH block positions within DRS transmission window

· Alt.1: The timing related information in PBCH payload is same among set of SSBs within a burst
· As shown in Figure 2 (a), PBCH payload carries following two timing related information.
· M: number of actually transmitted SSBs
· N: candidate position group index where one group consists of M consecutive candidate positions
· “effective SSB index” carried by PBCH DMRS sequence is used as position index within the candidate position group, and hence actual position index j of detected SSB within a DRS burst can be derived by N, M and effective SSB index l, e.g., j = N*M +l.
· In this alternative, the PBCH soft combining within the candidate position group could be simple, and complexity of the PBCH soft combining across candidate position groups can be saved compared with the case of indicating position index directly in PBCH payload.
· Alt.2: The timing related information in PBCH payload is same among all SSBs within a burst
· As shown in Figure 2 (b), PBCH payload carries following two timing related information.
· M: number of actually transmitted SSBs
· I: first position index used in the current DRS burst
· Similar to Alt.1, “effective SSB index” carried by PBCH DMRS sequence is used as position index within the current DRS burst, and hence actual position index j of detected SSB within a DRS burst can be derived by I, M and effective SSB index l, e.g., j = I + mod(I, M) + l if mod(I, M) > l, j = I - mod(I, M) + l if mod(I, M) <= l.
· In this alternative, the PBCH soft combining within the DRS burst could be simple, although NW needs to change a part of PBCH payload i.e., I, according to the LBT result and corresponding starting position of the DRS burst.
Proposal 4: In NR-U, half-frame timing is derived based on effective SSB index carried by PBCH DMRS sequence and information in PBCH payload.
· The information in PBCH payload is same among all or at least part of SSBs within a DRS burst, and is down-selected from following alternatives.
· Alt.1: PBCH payload contains number of actually transmitted SSBs (M) and candidate position group index (N) where one group consists of M consecutive candidate positions.
· Alt.2: PBCH payload contains number of actually transmitted SSBs (M) and first position index used in the current DRS burst (I).

In examples shown in Figure 2, we assume that association between candidate position and effective SSB index is determined by wrap-around based on M, and hence is not changed by LBT result and corresponding starting position of the DRS burst. We think such semi-statically fixed association can make UE procedure for averaging each beam measurement result simple, i.e., in each DRS burst period the UE does not need to check PBCH DMRS sequence pattern of each candidate position. If the association between candidate position and effective SSB index is changed in different DRS period due to different LBT result and starting position of the DRS burst, the UE need to check PBCH DMRS sequence pattern at each candidate position to perform averaging of beam measurement result across DRS bursts. Therefore, we propose that the association between candidate position and effective SSB index is determined by wrap-around based on M, i.e., it is not changed by LBT result and corresponding starting position of the DRS burst.
Proposal 5: In NR-U, the association between candidate position and effective SSB index within DRS burst is determined by wrap-around based on the value M indicated in PBCH payload, i.e., it is not changed by LBT result and corresponding starting position of the DRS burst.

There may be the case where same SSB beams are repeated within a DRS burst. In such case, even though SSBs use exact same beam, those SSBs should use different PBCH DMRS sequence since the effective SSB index is used to determine the half-frame timing together with information in PBCH payload. As mentioned above, PBCH soft combining is anyway possible even if SSBs with same beam use different PBCH DMRS sequence. However, if there is a demand for averaging beam measurement result within a DRS burst, UE needs to know which combination of effective SSB indices shares the exact same beam.
Proposal 6: In NR-U, each SSB within a DRS burst should have a unique effective SSB index i.e., unique PBCH DMRS sequence even if some of SSBs within the DRS burst use exact same transmission beam.
· If there is a demand for averaging beam measurement result within a DRS burst, UE needs to be informed of QCL relationship between SSBs with different effective SSB indices.



2.2	PDSCH rate matching around candidate SS/PBCH block resources
For PDSCH reception within NR-U DRS transmission window, UE rate matching behaviour around candidate SS/PBCH block resources should be considered. In Rel-15, UE rate matching behaviour around SS/PBCH block resources is defined in Section 5.1.4 of TS38.214 [4], and it is based on the higher layer indication of actually transmitted SS/PBCH block indices. However, in NR-U, the position of actually transmitted SS/PBCH block would be changed in different periods due to different LBT results. Therefore, we propose to consider following two alternatives.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· In this alternative, UE performs rate matching around all candidate SS/PBCH block resources within NR-U DRS transmission window. It is simple mechanism since no indication is necessary, but it is inefficient when there are candidate SS/PBCH block resources that are actually available for PDSCH within DRS transmission window.
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI
· In this alternative, the rate matching indicator in DCI format 1_1 can be extended to indicate availability of candidate SS/PBCH block resources in each slot. Therefore, when SS/PBCH blocks could be transmitted in early timing within DRS transmission window, remaining candidate SS/PBCH block resources within DRS transmission window can be used for PDSCH transmission.
Proposal 7: UE performs rate matching around candidate SS/PBCH block resources within DRS transmission window based on either one of followings.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI


3. Discussion on enhancements to RMSI/OSI/paging procedures
In some NR-U deployment scenarios, RMSI PDCCH/PDSCH are transmitted with SS/PBCH block as part of NR-U DRS. When LBT failure happens, not only SS/PBCH block but also RMSI PDCCH/PDSCH should be able to be transmitted in other candidate DRS position within DRS transmission window. As discussed in our companion contribution [5], it is preferable that SS/PBCH block and corresponding RMSI PDCCH are located in the same slot without time gap so that it can be ensured that SS/PBCH block and corresponding RMSI are transmitted together.
Proposal 8: When DRS contains RMSI PDCCH/PDSCH and LBT failure happens at the transmission opportunity for the DRS, the RMSI PDCCH/PDSCH in the DRS is transmitted in other candidate DRS position within DRS transmission window.

In Rel-15 NR, OSI/paging PDCCH monitoring behaviour is dependent on SS#0 or other SS as below [3].
	If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in Subclause 13. For DCI formats with CRC scrambled by a C-RNTI, the UE monitors corresponding PDCCH candidates only at monitoring occasions associated with a SS/PBCH block that is quasi-co-located with a CSI-RS in a TCI-state of the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state is determined by the most recent of 
-	an indication by a MAC CE activation command, or 
-	a random access procedure that is not initiated by a PDCCH order that triggers a non-contention based random access procedure
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set associated with the value of searchSpaceID.   



In case that SS#0 is used for Type0A/2-PDCCH CSS set, UE behaviour for OSI/paging PDCCH monitoring should be same as that for RMSI PDCCH monitoring. As in Proposal 6, we propose that each candidate SS/PBCH block index within DRS transmission window has associated PDCCH monitoring occasion for RMSI. Hence, for OSI/paging PDCCH transmission in SS#0, if LBT failure happens at the original PDCCH occasion which is associated to a SS/PBCH block index #n, other candidate PDCCH occasion which is associated to a SS/PBCH block index #N+n QCLed with the SS/PBCH block index #n can be used.
In case that SS-ID other than #0 is used for Type0A/2-PDCCH CSS set, CONNECTED mode UE in Rel-15 does not assume any association between PDCCH monitoring occasion and SS/PBCH block index and the UE determines PDCCH monitoring occasion according to the search space set configuration. In this case, gNB already has scheduling flexibility for each beam. In IDLE/INACTIVE mode, Rel-15 UE determines PDCCH monitoring occasion based on the association between an actually transmitted SSB and PDCCH monitoring occasions within SI window or PO according to Section 5.2.2.3.2 of TS38.331 and Section 7.1 of TS38.304. For OSI, it is possible to set multiple PDCCH monitoring occasions associated to each SS/PBCH block index within SI window. For paging, since each PO contains “S” PDCCH monitoring occasions where “S” is the number of actually transmitted SSBs in Rel-15 specification, there is only one PDCCH monitoring occasion in each PO for each actually transmitted SS/PBCH block index. Therefore, the number of PDCCH monitoring occasions in each PO can be increased for NR-U.
Proposal 9: For paging in NR-U, the number of PDCCH monitoring occasions in each PO can be larger than the number of actually transmitted SSBs indicated in ssb-PositionsInBurst.


4. Discussion on enhancements to RACH procedure
4.1	RACH resource enhancements
Considering LBT failure, RACH resource enhancements are discussed in SI and RAN1 identified following options. 
Opt. 1: Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
Opt. 2: Time-domain enhancements:
Opt. 2a: For connected mode UE, scheduling of PRACH resources via DCI. 
Opt. 2b: For idle mode UE, scheduling of PRACH resources via paging
Opt. 2c: Additional, new RACH resources are used immediately following detection of DRS transmission
Opt. 2d: Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
Opt. 2e: Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Especially when multiple other systems coexist, available sub-band(s) may vary every LBT opportunity and it may be difficult to set the PRACH resource appropriately. Additionally, an interference from a hidden node may degrade PRACH detection performance in LBT sub-band(s) where the interference exists. In order to avoid increasing the latency of RACH procedure due to such LBT failure and/or PRACH detection failure, frequency domain enhancement should be efficient when NR-U system uses multiple LBT sub-bands. 
Proposal 10: Frequency-domain enhancement of RACH resource, i.e., multiple PRACH resources across multiple LBT sub-bands for both contention-free and contention-based RA is supported for NR-U.

For time-domain enhancement, allocating multiple PRACH resources seems inefficient since some of them may be unnecessary if PRACH could be transmitted at the first PRCH resource. Therefore, dynamic scheduling of the PRACH resource e.g., within gNB-initiated COT seems preferable in terms of resource efficiency. Opt. 2a and Opt. 2b seem better at this point. Time domain enhancement should be applied in the case where one LBT sub-band is used.
Proposal 11: The dynamic scheduling of the PRACH resource should be considered as time-domain enhancement of RACH resource.

4.2	Msg 2 transmission enhancements
For msg 2 transmission enhancement, following options are mentioned in the TR.
    Opt. 1: The maximum RAR window size extension beyond 10 ms
    Opt. 2a: Preconfigured/pre-indicated/scheduled multiple opportunities in frequency-domain
Opt. 2b: Preconfigured/pre-indicated/scheduled multiple opportunities in time-domain

The maximum RAR window size extension beyond 10 ms is a reasonable way to avoid increasing RACH procedure latency due to msg 2 transmission failure in RAR window when the channel is busy. Additionally, multiple opportunities in frequency-domain seems better to be supported because of the same reason for msg 1 enhancement. On the other hand, time-domain enhancement seems not necessary as long as the maximum RAR window size is extended.
Proposal 12: The maximum RAR window size extension beyond 10 ms is supported for NR-U.
Proposal 13: Frequency-domain enhancement of msg 2 transmission is supported for NR-U.


5. Discussion on enhancements to RRM/RLM procedures

5.1	Measurement window configuration for RRM/RLM
In Rel-15, SS/PBCH block based RRM/RLM procedures are defined. RRM measurement based on SS/PBCH block is performed within a configured SMTC window. SMTC window periodicity can be same or longer than the SS/PBCH block transmission periodicity. RLM based on SS/PBCH block is performed according to the SS/PBCH block transmission periodicity. CSI-RS based RRM/RLM procedures are also defined in Rel-15. The periodicity and timing of CSI-RS resource are configured for each CSI-RS resource to be measured.
For DRS based RRM/RLM in NR-U, DRS transmission timing and periodicity need to be configured. The DRS transmission window discussed in Section 2 contains candidate DRS resources and actual DRS transmission timing within the DRS transmission window would be changed according to LBT results. Therefore, DRS transmission window configuration including periodicity, offset and potentially duration should be used for RLM procedure, i.e., DRS transmission window configuration is the RLM DMTC. The actual resource to be monitored for RLM is determined based on RLM-RS configuration or PDCCH TCI state configuration, and it may be changed to different resource with same QCL assumption in different periods due to LBT failure.
Proposal 14: The DRS transmission window configuration including at least periodicity, offset and potentially duration is provided as RLM DMTC.
· UE performs RLM based on DRS configured as RLM-RS within DRS transmission window, and different DRS resource with same QCL assumption may be used in different periods due to LBT failure.

Same as Rel-15, RRM measurement periodicity can be longer than the RS transmission periodicity, i.e., RLM measurement periodicity. So, the RRM DMTC for DRS based RRM measurement should be separately configured from the DRS transmission window configuration, i.e., RLM DMTC.
Proposal 15: The RRM DMTC for DRS based RRM measurement is separately configured from the DRS transmission window configuration.


5.2	RSSI and channel occupancy measurement/reporting
In LTE-LAA, RSSI and channel occupancy measurement/reporting are supported. Separate measurement window configuration for these measurements is configured as RMTC (RSSI Measurement Time Configuration). Since these measurements are supported mainly for estimating the presence of hidden node(s), i.e., these are for measuring coexisting system, there would be no need to change the measurement mechanism from LTE-LAA. Therefore, we propose to support the RSSI and channel occupancy measurement/reporting in NR-U by reusing LTE-LAA mechanism.
Proposal 16: The RSSI and channel occupancy measurement/reporting are supported in NR-U by reusing LTE-LAA mechanism.
· Duration, periodicity and timing offset of RSSI measurement window are configured as part of RRM measurement configuration.
· RSSI threshold to be used for channel occupancy evaluation can also be configured.


6. Conclusion
In this contribution, we discussed on the enhancements to initial access procedure, random access procedure and RRM/RLM procedures for NR-U operation. Based on the discussion, we made following proposals.
Proposal 1: The duration of NR-U DRS transmission window is [5 or 6]ms.
Proposal 2: The number of candidate SS/PBCH block positions within NR-U DRS transmission window is [10 or 12] in case of 15kHz SCS or [20 or 24] in case of 30kHz SCS.
Proposal 3: In NR-U, UE may assume a QCL relation between SS/PBCH blocks with the same PBCH DMRS sequences.
· The index represented by PBCH DMRS sequence can be defined as “effective SSB index”
· The number of PBCH DMRS sequences is same as Rel-15, i.e., the range of effective SSB index is from #0 to #7.
Proposal 4: In NR-U, half-frame timing is derived based on effective SSB index carried by PBCH DMRS sequence and information in PBCH payload.
· The information in PBCH payload is same among all or at least part of SSBs within a DRS burst, and is down-selected from following alternatives.
· Alt.1: PBCH payload contains number of actually transmitted SSBs (M) and candidate position group index (N) where one group consists of M consecutive candidate positions.
· Alt.2: PBCH payload contains number of actually transmitted SSBs (M) and first position index used in the current DRS burst (I).
Proposal 5: In NR-U, the association between candidate position and effective SSB index within DRS burst is determined by wrap-around based on the value M indicated in PBCH payload, i.e., it is not changed by LBT result and corresponding starting position of the DRS burst.
Proposal 6: In NR-U, each SSB within a DRS burst should have a unique effective SSB index i.e., unique PBCH DMRS sequence even if some of SSBs within the DRS burst use exact same transmission beam.
· If there is a demand for averaging beam measurement result within a DRS burst, UE needs to be informed of QCL relationship between SSBs with different effective SSB indices.
Proposal 7: UE performs rate matching around candidate SS/PBCH block resources within DRS transmission window based on either one of followings.
· Alt.1: UE performs rate matching around all candidate SS/PBCH block resources
· Alt.2: UE performs rate matching around SS/PBCH block resources based on rate matching indicator in DCI
Proposal 8: When DRS contains RMSI PDCCH/PDSCH and LBT failure happens at the transmission opportunity for the DRS, the RMSI PDCCH/PDSCH in the DRS is transmitted in other candidate DRS position within DRS transmission window.
Proposal 9: For paging in NR-U, the number of PDCCH monitoring occasions in each PO can be larger than the number of actually transmitted SSBs indicated in ssb-PositionsInBurst.
Proposal 10: Frequency-domain enhancement of RACH resource, i.e., multiple PRACH resources across multiple LBT sub-bands for both contention-free and contention-based RA is supported for NR-U.
Proposal 11: The dynamic scheduling of the PRACH resource should be considered as time-domain enhancement of RACH resource.
Proposal 12: The maximum RAR window size extension beyond 10 ms is supported for NR-U.
Proposal 13: Frequency-domain enhancement of msg 2 transmission is supported for NR-U.
Proposal 14: The DRS transmission window configuration including at least periodicity, offset and potentially duration is provided as RLM DMTC.
· UE performs RLM based on DRS configured as RLM-RS within DRS transmission window, and different DRS resource with same QCL assumption may be used in different periods due to LBT failure.
Proposal 15: The RRM DMTC for DRS based RRM measurement is separately configured from the DRS transmission window configuration.
Proposal 16: The RSSI and channel occupancy measurement/reporting are supported in NR-U by reusing LTE-LAA mechanism.
· Duration, periodicity and timing offset of RSSI measurement window are configured as part of RRM measurement configuration.
· RSSI threshold to be used for channel occupancy evaluation can also be configured.
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