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Introduction
In this contribution we discuss further details on procedures for initial access, RRM measurements and radio link monitoring. In [3] the following items were identified as essential:
Essential
· Timing recovery from SSB
· Cross SSB QCL relationship by Q and A: Which A, how to indicate or determine Q, range of Q, how to determine Q for RRM
· Type0-PDCCH monitoring
· RLM enhancement: IS and OOS 
The mechanisms for “timing recovery from SSB” was agreed in RAN1#98:
Conclusion:
The maximum number of PBCH DMRS sequences used in a cell is unchanged from Rel-15 (=8).
· The number of PBCH DMRS sequences used in a cell is independent of Q.
Agreement:
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.
 
Agreement:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)

1	QCL determination 
In RAN1#98 the following agreements regarding QCL determination was made:
Agreement:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells

Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.
· FFS: Further down-selection of allowed values.

Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.

1.1 Signaling of Q
One topic that remains is how Q is signaled to the UE. In this section we go through different scenarios and list how Q can be signaled to the UE. In general, we split the discussion in serving cell and neighbor cell cases.
Serving cell (initial access)
The initial access procedure in principle consists of the three steps:
1. Cell search with frame timing determination
2. Reading of SIB1 (including RACH configuration)
3. Random access
Because the number of PBCH DM-RS sequences are fixed (to 8) as in Rel-15, the UE can determine the frame timing without knowledge of Q.
To read SIB1 the UE needs to monitor PDCCH in the Type0-PDCCH CSS. The time-domain location of the Type0-PDCCH CSS in relation to an SS/PBCH block is signaled in MIB. In RAN1#98 it was agreed that if Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present. This means that for Type0-PDCCH CSS monitoring, the UE can restrict its monitoring to a subset of the monitoring occasions. If Q is not known, the UE needs to monitor every monitoring occasion.
Thus, also for this step, knowledge of Q is not required, even if we recognize that some optimizations with regards to Type0-PDCCH CSS monitoring could be possible if Q would have been known to the UE at this stage. Note that for most cases when the UE monitors Type0-PDCCH CSS, Q is known through other means (see discussion below), thus any optimization would not help reduce battery drain by any significant amount.
In the next step the UE maps the detected SS/PBCH block to a RACH resource/preamble. For this step Q is needed, since the mapping must be based on the beam index determined as the detected PBCH DMRS sequence index modulo Q. We note that the RACH configuration required for initial access is obtained through SIB1, so mapping of detected SS/PBCH blocks to RACH resource/preamble is done after the UE has read SIB1.
Because Q is strictly only needed after SIB1 has been read, , we propose to signal Q in SIB1 in ServingCellConfigCommonSIB. Note that as we will see in the upcoming sections, there are many cases where the UE monitors Type0-PDCCH and Q is in fact known by other means. Hence, there seems to be little motivation to signal Q via MIB as proposed by some companies. Introducing a new MIB for NR-U just to cover the corner case of SIB1 reading for the first time does not seem well-motivated.
[bookmark: _Toc21349790]Support signaling of Q for the serving cell in SIB1 (ServingCellConfigCommonSIB).

Serving cell (dedicated signaling)
In many cases a serving cell is added using dedicated signaling, e.g. when configuring a UE with SCells or with an additional cell group (SCG) or for SpCells (MCG and SCG) upon reconfiguration with sync. For those cases ServingCellConfigCommon (not ServingCellConfigCommonSIB) is used to configure cell specific parameters of a UE's serving cell and thus Q should be included there as well.
[bookmark: _Toc21349791]Support dedicated signaling of Q for a serving cell in ServingCellConfigCommon

Neighbor cells
Neighbor cell measurements in NR are configured per frequency using the IEs intraFreqCellReselectionInfo (SIB2), InterFreqCarrierFreqInfo (SIB4) and MeasObjectNR (dedicated RRC signaling). In addition, cell specific parameters can be included in IntraFreqNeighCellInfo (SIB3), InterFreqNeighCellInfo (SIB4) and CellsToAddMod (dedicated RRC signaling).
To allow different values of Q for different neighbor cells on a frequency, cell specific lists with Q values can be introduced. However, for most cases we don’t think that such a detailed and flexible configuration is well-motivated. To allow a light weight configuration option we propose that the maximum value used by any cell is configured per frequency. Cells using a smaller Q then have to (if cell specific parameters are not signaled) restrict which SS/PBCH block candidate positions that they use and thus adapt their SS/PBCH block starting point granularity according to the signaled maximum Q.
[bookmark: _Toc21349792]For RRM measurements (IDLE/INACTIVE/CONNECTED) support signaling one common Q per frequency (SIB2/SIB4/MeasObjectNR).
To illustrate the concept of signaling a common maximum Q, consider an example with three neighbor cells on a frequency that utilize different values of Q. Cell 1 uses Q=4, cell 2 uses Q=2 and cell 3 uses Q=1. Because Q=4 is the largest value among the cells, that is signaled to the UE in the corresponding RRC message. To maintain the property that “UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(PBCH DMRS sequence index, Q), once Q is known to the UE”, cells 2 and 3 need to restrict in which SS/PBCH block candidate positions they transmit SS/PBCH blocks. This is illustrated with the green fields in the figure below.
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In case further flexibility is deemed essential, cell specific values of Q can be introduced to override the frequency common value, preferably extending the cell specific IEs where possible (CellsToAddMod seems not be extendable).
[bookmark: _Toc21349779]In case further flexibility is deemed essential cell specific values of Q can be introduced (SIB3/SIB4/MeasObjectNR) to override the frequency common value.
Given the discussion above, for the vast majority of uses cases when the UE is required to monitor Type0-PDCCH CSS, Q is in fact known to the UE. This also includes SIB1 reading for cell re-selection (Q signaled in SIB2/4). In addition, for monitoring of e.g. Type0A-PDCCH CSS (other system information) and Type2-PDCCH CSS (paging) when searchSpaceID=0 in PDCCH-ConfigCommon (and the UE thus determines the monitoring occasions as described in Subclause 13 of 38.213) Q is known (from reading SIB or through dedicated signaling). Only for example in the case of initial cell selection when no information is available, Q is not known and thus the UE needs to monitor every monitoring occasion. In our view, the additional monitoring effort for this case does not motivate fundamental changes to Rel-15 such as modifying or reinterpreting MIB content.
[bookmark: _Toc21349780][bookmark: _Toc534822226][bookmark: _Toc534822292][bookmark: _Toc534822680]For the vast majority of uses cases when the UE is required to monitor Type0-PDCCH CSS, Q is known, and thus signaling Q in MIB is not motivated.
In some deployments channel access is not a major problem and LBT failure is infrequent. In such deployments, relying on Rel-15 NR mechanism for QCL and timing determination is sufficient. One simple way of signaling this to the UE is to either let the absence of Q or e.g. the value Q=0 be indicative of that the UE should apply the Rel-15 method of QCL and timing determination. In other words, it is useful to be able to configure whether or not SS/PBCH blocks are allowed to shift in time.
[bookmark: _Toc21349793]The absence of Q or e.g. the value Q=0 is indicative of that the UE shall apply the Rel-15 method of QCL and timing determination where SS/PBCH blocks do not shift in time.
 
1.2 Down-selection of Q
In Section 1.1 we have outlined efficient ways of signaling Q to the UE. In our view, for almost all cases, Q can be signaled to the UE with small specification impact. The case of SIB1 reading when Q is not known to the UE can be handled as a special case (see Section 1.3). Down-selecting Q further unnecessarily limits deployment options or the number of starting points for SSB transmissions. Thus, we make the following proposal to resolve the FSS from RAN1#98:
[bookmark: _Toc21349794]No further down-selection if Q is necessary, i.e. support Q = {1,2,4,8}.
 
1.3 Type0-PDCCH monitoring
In RAN1#98, the following agreement on Type0-PDCCH monitoring was made:
Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.

As discussed in Section 1.1, Q is known to the UE except for the case of initial cell selection. For that case (Q not known) the UE should monitor every Type0 PDCCH CSS monitoring occasion associated with an SS/PBCH block position in the DRS transmission window, i.e. i=0,..,19 for the case of 30kHz SCS. Or phrased differently, this is equivalent to the UE assuming that Q=1. We point out that such a case is a rare event, and further optimization of monitoring behavior is not warranted as it is not expected to reduce UE battery drain in a significant way.
[bookmark: _Toc21349795]If Q is not known, the UE assumes Q=1 for Type0-PDCCH CSS monitoring.
Note that for other types of PDCCH CSS monitoring, e.g. Type0A (other system information), Type1 (random access response) and Type2 (paging), Q is known to the UE because such monitoring occurs after reading SIB1 for the initial cell selection case. 
2 	DRS transmission window
In RAN1#96bis, the following agreement was made with respect to the DRS transmission:
Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

2.1 UL Transmissions in DRS Transmission Window
[bookmark: _GoBack]In [10] we discuss modified rules for RRC configured UL transmissions in general. Here we focus on transmission in the DRS transmission window.
In the DRS transmission window, the UE can expect (pending LBT outcome) the DRS to be transmitted. To avoid the gNB and UE competing for transmission resources in this window, it is judged valuable to restrict unscheduled UE transmissions in this window, such as e.g. PRACH, SR, and CG transmissions. Such transmissions are given preconfigured transmission opportunities hence it might be difficult to avoid configuration in the DRS transmission window. Rather than modifying the configuration of such signals, it is proposed to specify new behavior such that the UE would simply avoid autonomous transmissions in the DRS transmission window. Hence, we propose the following
[bookmark: _Toc21349796]Support UE behavior to suppress PRACH, SR, and CG transmissions within the DRS transmission window. FFS: Optimizations such as allowing transmissions in slots not containing SS/PBCH, based on UE detecting one or more successful SS/PBCH block transmissions within the window.
Going into a bit more detail, we observe that for PRACH also IDLE/INACTIVE UEs' transmissions need to be suppressed. Because there are very limited signaling options for IDLE/INACTIVE UEs, we propose that for PRACH, a static rule invalidating PRACH occasions in the DRS transmission window is added to 38.213. 
[bookmark: _Toc21349797]Any PRACH occasion that overlaps with the DRS transmission window shall be considered invalid.

For dedicated RRC configured UL resources 38.213 §11.1 specifies several rules controlling UE behavior. Here we focus on the case where there is no static UL/DL configuration configured by RRC (that we consider being most useful for operation in unlicensed spectrum). For this case the gNB can use DCI format 2_0 to indicate a symbol as DL/UL/F. In general, for the case when monitoring of DCI format 2_0 is configured, the UE transmits in its dedicated RRC configured UL resources (CG/PUCCH/p-SRS) only if a symbol is indicated as UL using DCI format 2_0. There are however a few cases where the UE doesn’t have enough time to determine if DCI format 2_0 was indicating symbols as UL or not or it did not detect DCI format 2_0. For those cases, the UE is allowed to transmit in its RRC configured UL resources if they fall within the PUSCH preparation time  from the last symbol of the CORESET where the UE monitors/received DCI format 2_0. 
This behavior will allow the UE (in the cases above) to compete with the gNB for channel access in the DRS transmission window. To prevent this, it is preferable if the UE behavior is inversed for dedicated RRC configured UL resources that fall within PUSCH preparation time . That is, the UE is not allowed to transmit in its dedicated RRC configured UL resources if they fall within the PUSCH preparation time if it overlaps with the DRS transmission window, unless the UE has previously received an indication that the symbols are UL. Or phrased differently, for dedicated RRC configured UL resources overlapping with the DRS transmission window, the UE can only perform UL transmissions in symbols known to the UE as being indicated as uplink by DCI_2_0. For symbols where the state (DL/UL/F) is unknown, i.e. symbols within PUSCH preparation time (if no previous indication has been received), the UE does not transmit.
[bookmark: _Toc21349798]For dedicated RRC configured UL resources overlapping with the DRS transmission window, the UE can only perform UL transmissions in symbols known to the UE as being indicated as uplink by DCI_2_0.  For symbols where the state (DL/UL/F) is unknown, i.e. symbols within PUSCH preparation time (if no previous indication has been received), the UE does not transmit.
Note that scheduled (using DCI) UL transmissions will still follow the same rules as in Rel-15. Also note that suppression of PRACH, SR and CG transmissions in the DRS transmission window further motivates having the duration of the window configurable. This is further discussed in Section 2.2 below.
2.2 Configuration of the DRS transmission window
We note that in NR Rel-15 there is no notion of a DRS transmission window. It was not necessary to define one, since in licensed operation the SS/PBCH blocks are transmitted at fixed locations in time; they do not shift within a DRS window due to LBT as in for unlicensed operation. In NR Rel-15, the information that is signaled with respect to the serving cell is the candidate positions of the SS/PBCH block transmissions and the SS/PBCH block burst periodicity given by the parameters ssb-PositionsInBurst and by ssb-PeriodicityServingCell, respectively. These are signaled either in SIB1 within the IE ServingCellConfigCommonSIB or by dedicated signaling within the IE ServingCellConfigCommon.
One of the main motivations for having the duration of the DRS transmission window configurable is that if the suppression of PRACH, SR and CG in the DRS transmission window is agreed (as discussed in Section 2.1), it is important for the UE to know if the gNB intends to attempt DRS transmission in the full window or not. For example, in deployments where LBT failures are rare, using the full 5 ms window might not be needed. In addition, if the UE is aware of the duration of the DRS transmission window, it can stop monitoring for SSBs for RLM and serving cell RRM measurements before the end of the full 5 ms window. This can allow the UE to save power, especially in IDLE mode where serving cell RRM measurements need to be performed.
In order to define a DRS transmission window for unlicensed operation, the enhancement that is needed on top of ssb-PositionsInBurst and by ssb-PeriodicityServingCell is the duration of the window. Since the first candidate position of the DRS transmission window is agreed to be located in the first half slot of a half frame, there is no need to configure an offset. One option for configuration of the duration is to reuse the SSB-MTC information element since it includes a duration field; however, the offset field is unnecessary, and the periodicity field is redundant since the SS/PBCH block burst is configured already with ssb-PeriodicityServingCell. Hence it makes more sense to add a separate duration field along with the configuration of the existing serving cell related parameters ssb-PositionsInBurst and ssb-PeriodicityServingCell.
[bookmark: _Toc4685673][bookmark: _Toc4685710][bookmark: _Toc4685735][bookmark: _Toc4685766][bookmark: _Toc4688846][bookmark: _Toc4689175][bookmark: _Toc4689277][bookmark: _Toc4695103][bookmark: _Toc4745553][bookmark: _Toc4768127][bookmark: _Toc21349799]Support explicit configuration of the DRS transmission window duration associated with the serving cell parameters ssb-PositionsInBurst and ssb-PeriodicityServingCell.
[bookmark: _Toc21349781]The DRS transmission window duration can be added to ServingCellConfigCommonSIB and ServingCellConfigCommon. For SCell, the window duration can be added to SCellConfig.

2.3	Rate Matching Mechanisms for Reception of PDSCH
In this section we discuss rate matching mechanisms for SS/PBCH Block(s) for reception of PDSCH in the DRS transmission window. 
In Rel-15 NR when receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH with SPS, the REs corresponding to the configured or dynamically indicated resources in Subclauses 5.1.4.1, 5.1.4.2 of 38.214 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
Thus, to summarize in Rel-15 NR a UE uses a combination of ssb-PositionsInBurst and configured or dynamically indicated reserved resources for determining which resources that are not available for PDSCH due to SS/PBCH transmissions.
When the SS/PBCH Block(s) are allowed to shift in time in a window, relying only on ssb-PositionsInBurst is not sufficient. Instead we observe that the mechanism of dynamically indicating resources not available for PDSCH (DCI-based signaling of reserved resources) can be used as a rate matching mechanism for SS/PBCH Block(s) in the DRS transmission window. The Rel-15 mechanisms (configured in RateMatchPattern) are already very flexible with RB and symbol level bitmaps (resourceBlocks and symbolsInResourceBlock). In addition, periodicityAndPattern provides the possibility to configure a slot level repeating pattern, covering the DRS transmission window and slots in between. 
[bookmark: _Toc21349782]The Rel-15 mechanism of dynamically indicating resources not available for PDSCH can be used as a rate matching mechanism for SS/PBCH Block(s) in the DRS transmission window.
Next turning back to the ssb-PositionsInBurst IE. Even if the SS/PBCH Block(s) can shift in a window, ssb-PositionsInBurst still provides essential information to the UE. Thus, we propose to configure ssb-PositionsInBurst as in Rel-15 NR, i.e. assuming no shift of the SS/PBCH Block(s). E.g. for a DRS with one SS/PBCH Block in the first SS/PBCH Block position ssb-PositionsInBurst would be configured as 10000000. For this example, if the UE detects an SS/PBCH block somewhere in the DRS window, it would know that no more SS/PBCH blocks will be transmitted in the rest of the window. In addition, ssb-PositionsInBurst IE is at least used in procedures for SS/PBCH block mapping to PRACH occasions (38.213 Section 8.1), acquisition of an SI message (38.331 Section 5.2.2.3.2) and discontinuous reception for paging (38.304 Section 7.1).
[bookmark: _Toc21349800]The ssb-PositionsInBurst IE is configured as in Rel-15 NR, i.e. assuming no shift of the SS/PBCH Block(s).
It should be noted that in many cases rate matching PDSCH around SS/PBCH Block(s) are not possible anyway due to that resources in the DRS are used to transmit e.g. SIB1. Thus, in general we think that optimizations on top of what is supported in Rel-15 NR in this area are not needed.

3	Random access
[bookmark: _Hlk506545098]Support for RACH is relevant not only for the NR-U stand-alone scenario, but also for interworking (dual-connectivity) scenarios such as EN-DC.
In NR Rel-15, a mapping between transmitted SS/PBCH block(s) and a combination of ranges of preambles and random-access occasions (RO) is configured using ssb-perRACH-OccasionAndCBPreamblesPerSSB. This mapping is used for the UE to implicitly indicate to the gNB which SS/PBCH block that had the best reception conditions. 
[bookmark: _Hlk521334267]Fixed time relations between different signals/channels where LBT between the signals is required should not be assumed. If the mapping of SS/PBCH block index is done so that the UE indicates the best SS/PBCH block by transmitting Msg1 in a specific time domain RO it might happen that the UE cannot access the channel for that specific time occasion, thus it would have to delay Msg1 to the next matching time occasion. This would introduce unnecessary delays in the RACH procedure. Thus, it is beneficial if the mapping between transmitted SS/PBCH blocks and RO is done so that the best SS/PBCH block is not indicated by which time occasion the UE transmits Msg1 in, but rather by used frequency resource and/or preamble.
This can be achieved already in NR Rel-15 using appropriate configuration of ssb-perRACH-OccasionAndCBPreamblesPerSSB and msg1-FDM. For example, if 4 SS/PBCH blocks are transmitted, setting msg1-FDM equal to 4 and ssb-perRACH-Occasion to 1 or msg1-FDM equal to 2 and ssb-perRACH-Occasion to 2 will achieve time-independent mapping. Where the former would allow a maximum of 64 contention-based preambles per SS/PBCH block and the latter 32. Note that this assumes that the UE uses the beam index (according to the agreed QCL relation among SS/PBCH blocks) in the selection of PRACH occasion for preamble transmission. 
[bookmark: _Toc528677245][bookmark: _Ref528856309][bookmark: _Toc21349783]Rel-15 NR already supports configurations so that the mapping of transmitted SS/PBCH blocks to RACH occasions is robust to LBT failures.
According to the NR-U TR [2] Section 7.2.1.3.2, several potential RACH enhancements beyond the functionality supported in Rel-15 have been identified for further study:
For potential RACH resource enhancements, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15, but consensus was not achieved. These options may be further considered when specifications are developed:
-	Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
-	Time-domain enhancements:
-	For connected mode UE, scheduling of PRACH resources via DCI. 
-	Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI
-	For idle mode UE, scheduling of PRACH resources via paging
-	Note: potential inefficiency in network resource due to paging across multiple cells
-	Additional, new RACH resources are used immediately following detection of DRS transmission
-	Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
-	Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
-	Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Based on the guidance provided by RAN on essential functionality for NR-U [3], the greyed-out items in the above list have been down-prioritized, hence we do not consider them here.
Out of the remaining items, the first listed enhancement is scheduling of PRACH resources via DCI. This is, however, a potential latency optimization, and our view is that it is not critical for Rel-16. It can instead be considered for a later release in a backwards-compatible manner.
[bookmark: _Toc528677247][bookmark: _Toc21349784]Scheduling of PRACH resources via DCI is an optimization and is not critical for the first release of NR-U. It can be considered for a later release in a backwards-compatible manner.
[bookmark: _Toc528677262][bookmark: _Toc21349801]Scheduling of PRACH resources via DCI should not be supported in Rel-16.
The third remaining enhancement is group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain. The motivation is to provide multiple transmit opportunities in time domain for a PRACH transmission. However, multiple PRACH transmit opportunities can be obtained already in Rel-15 based on cyclic repetition of the SSB-to-RO mapping. See example and further discussion above in conjunction with Observation 5.
[bookmark: _Hlk528835493][bookmark: _Toc21349785]Mappings similar to group-wise SSB-to-RO mapping is already supported in NR Rel-15.  
[bookmark: _Hlk4589346]3.1 Msg3 transmission and RAR
Multiple Msg TX opportunities with a single or multiple RARs in the time domain has been discussed both in RAN1 and RAN2. However, in RAN#84 this was listed as an optimization [3]:
Optimizations
· MSG3
· Multiple opportunities (RAN2 sent an LS to RAN1 for feasibility) can impact MAC.

[bookmark: _Toc21349786]Multiple Msg3 TX opportunities with a single or multiple RARs in the time domain was deprioritized in RAN#84.
In addition, in RAN1#97 the following agreement which facilitates gNB channel occupancy sharing with a UE for Msg3 was made and an LS response was sent to RAN2:
Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR
The LS response triggered some discussion in RAN2 regarding the details on how the LBT category is provided in the RAR. Especially the issue of if the size of the RAR will change when including the LBT category was discussed.
In our companion paper [9] we discuss that is better to have a generic signaling solution which is applicable to cases where uplink control signaling is triggered within a shared COT acquired by the gNB. Therefore, DL DCI should also include an LBT type field that corresponds to the triggered UL transmission. In [9] the following proposal is made which is repeated here:
[bookmark: _Toc21349802]The LBT type corresponding to the UL control signal is signaled in the DCI triggering the UL control signal transmission. LBT type field is included in: 
-	DCI format 1_0 scrambled with RA-RNTI carrying the DL assignments for reception of the RAR messages (Msg2). The LBT type is applicable to Msg 3 transmission 
- 	DCI format 1_0 and 1_1 scrambled with C-RNTI carrying the DL assignments. The LBT type is applicable to the UL control signal transmission triggered by the DCI.
Given that the LBT category is provided in the DCI, there is no need for RAN2 to further discuss this matter. Thus, we propose the following:
[bookmark: _Toc21349803]Inform RAN2 that the LBT category for msg 3 transmission is provided to the UE in the DCI carrying DL assignments for the RAR messages and that no further action is required by RAN2 on this matter.

3.2	Potential Modifications to the Rel-15 SMTC
One remaining open item in the RRM area relates if any modifications of the Rel-15 NR SMTC window are needed:
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum

In NR-Rel-15, an SMTC window for the purposes of RRM measurements is configured through the following SSB-MTC Information Element:
SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                               INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}
Evidently, the periodicity and offset are configurable with periodicities ranging from 5 ms to 160 ms, and the duration field is configurable in a range of 1 ms to 5 ms. 
In RAN1#96b it was agreed that the DRS transmission window is 5 ms. Given that, and that the SSB-MTC Information Element is already available, we think it is best to reuse it “as-is” for RRM measurements based on SS/PBCH. Adding a new information element would affect a number of other IEs such as e.g. intraFreqCellReselectionInfo, InterFreqCarrierFreqInfo and MeasObjectNR. Thus, we make the following proposal:
[bookmark: _Toc21349787]The Rel-15 SMTC window can be used “as is,” for configuring RRM measurement windows even when the SS/PBCH blocks shift in time due to LBT failures.
 
4	RRM and RLM
4.1	RSSI and Channel Occupancy reporting
During the SI phase [1] it was agreed to support RSSI reporting and define a metric to measure channel occupancy or medium contention and its corresponding reporting. To that end we start by revisiting the RSSI and channel occupancy procedure in Rel-13 LAA. In Rel-13 LAA the UE performs RSSI measurements using an RMTC configuration 
RMTC-Config-r13 ::=	CHOICE {
	release							NULL,
	setup							SEQUENCE {
		rmtc-Period-r13					ENUMERATED {ms40, ms80, ms160, ms320, ms640},
		rmtc-SubframeOffset-r13			INTEGER(0..639)					OPTIONAL,		-- Need ON
		measDuration-r13				ENUMERATED {sym1, sym14, sym28, sym42, sym70},
		...
	}
}

In addition, the UE can be configured with a channel occupancy threshold given by an RSSI value
MeasRSSI-ReportConfig-r13 ::=	SEQUENCE {
	channelOccupancyThreshold-r13			RSSI-Range-r13				OPTIONAL	-- Need OR
}

Based on these configurations, the UE periodically reports the following
MeasResultForRSSI-r13 ::=			SEQUENCE {
	rssi-Result-r13							RSSI-Range-r13,
	channelOccupancy-r13					INTEGER (0..100),
	...
}

where the RSSI result is the average RSSI within the reporting period (ranging from 120 ms to 60 minutes) and channel occupancy is the rounded percentage of samples (OFDM symbols) which are above the channel occupancy threshold during the reporting period.
In RAN1#96, the following was agreed
Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum

In addition, the NR_CLI_RIM WI has agreed on a RSSI measurement reporting referred to as CLI-RSSI [4][5]. In our view any mechanism agreed for NR-U should be done based on the already agreed framework for CLI-RSSI and thus agreed as additions and not new mechanisms.
[bookmark: _Toc21349804]RSSI and channel occupancy measurement reporting should be specified as additions to the already agreed framework for CLI-RSSI measurement reporting.
[bookmark: _Hlk16601700]In Rel-13 the RSSI measurement bandwidth is not well-defined which results in unpredictable and inconsistent results in case an allowed measurement bandwidth greater than 6 RB is configured by the AllowedMeasBandwidth IE. This was also recognized in RAN4#92 and an LS was sent to RAN1 pointing out this problem and requesting that it is resolved in Rel-16 [7]. Thus, for Rel-16, we instead propose to make the RSSI measurement bandwidth configurable. According to our understanding this is already agreed for the CLI-RSSI [4]:
· Agreement on measurement resource for RSSI measurement
· For measurement resource for RSSI measurement is configured by 
Symbol-level indication (e.g. starting OS and ending OS) and PRB level indication (e.g., starting PRB and ending PRB) within downlink active BWP

[bookmark: _Toc21349788]A configurable bandwidth for RSSI is already agreed for CLI-RSSI and can thus be used also for NR-U.
In the Rel-13 RMTC configuration the measurement duration is given in units of symbols (1, 14, 28, 42 and 70 symbols). For Rel-13 this is fine, because there is only one subcarrier spacing and thus the duration is well defined. For Rel-16 we propose to in addition to the duration measured in symbols also configure a reference sub-carrier spacing so the duration (in symbols) can be converted to an absolute time duration (in ms) and the measurement bandwidth can be configured in terms of PRBs and then converted to absolute frequency (in MHz). According to our understanding this is already agreed for the CLI-RSSI [4]:
· In information element of resource configuration for CLI-RSSI measurement, reference subcarrier spacing for CLI-RSSI measurement is included.
· All subcarrier spacings supported in Rel-15 NR for FR1, FR2
· Subcarrier spacing is a reference unit of time/frequency resource configuration.
· UE operates CLI measurement within the active BWP. 
· The subcarrier spacing for CLI-measurement resource configuration can be same or different from the SCS of the active BWP.

[bookmark: _Toc21349789]A reference subcarrier spacing in addition to the measurement duration (in symbols) and BW (in PRBs) for RSSI is already agreed for CLI-RSSI and can thus be used also for NR-U. 
In Rel-13 the carrier frequency is commonly configured for the complete measurement object, whereas in Rel-15 NR, the ssbFrequency and refFreqCSI-RS are configured separately (for the purposes of RSRP/RSRQ/SINR measurements). For independent RSSI and channel occupancy measurements where we are only interested in measuring aggregate power from all neighbor nodes, the reference frequency of the measurement bandwidth is not related to any SS/PBCH block or CSI-RS frequency. Thus, we propose a separate configuration for the reference frequency for the RSSI and channel occupancy measurement. According to our understanding this is not agreed for CLI-RSSI which is restricted to the active bandwidth part [4]:
· Agreement on measurement resource for RSSI measurement
· For measurement resource for RSSI measurement is configured by 
Symbol-level indication (e.g. starting OS and ending OS) and PRB level indication (e.g., starting PRB and ending PRB) within downlink active BWP

[bookmark: _Toc21349805]Support configuring a reference frequency (to support inter-frequency measurements i.e. not restricted to the active BWP) for the RSSI and channel occupancy measurement separately from the ssbFrequency and refFreqCSI-RS used for other Rel-15 measurements (not agreed for CLI-RSSI).
In Rel-13, no L3 filtering is applied to RSSI and channel occupancy measurements. For CLI-RSSI, RAN2#106 has agreed that Layer 3 filtering is applied [5]:
- Layer 3 filtering is applied to the CLI-RSSI measurement.
To allow the same behavior for RSSI and channel occupancy for NR-U as in Rel-13 we propose to make the L3 filtering configurable for RSSI and channel occupancy measurements.
[bookmark: _Toc21349806]Support configurable L3 filter (including off) for RSSI and channel occupancy measurements.
4.2	RLM/RLF
In Rel-15, an RRC_CONNECTED UE in NR is provided with up to X configurable and frequency-dependent reference signals that can be used for radio link monitoring (RLM). Both SS/PBCH block and CSI-RS can be used as RLM reference signals. The RLM-RS(s) can be explicitly configured to the UE. If they are not explicitly configured, then the UE uses the (periodic) CSI-RS contained in the TCI state that indicates the QCL source for PDCCH.
Hypothetical block error rate (BLER) is used to determine in-sync (IS) or out-of-sync (OOS) conditions for either of the reference signal types (SS/PBCH block or CSI-RS). A UE assumes to be IS, if the hypothetical BLER estimated on at least one out of the X configured RLM reference signals is below a configurable threshold. On the other hand, the UE assumes to be OOS, if the hypothetical BLER estimated on all configured RLM reference signals is above yet another configurable threshold.
Upon reception of enough OOS indications, the UE starts a timer, denoted by T310. If the radio link problem is not resolved upon T310 expiry, the UE declares radio link failure (RLF). Moreover, a failure in random access and/or RLC failure can also result in RLF. After the UE declares an RLF, it attempts an RRC Connection Re-establishment by trying to find a suitable cell. If that process is not successful within a certain time, the UE will enter RRC_IDLE state.
[bookmark: _Toc509834929]The intention of the RLM/RLF procedures is to prevent the UE from becoming unreachable by the network. Since hypothetical BLER estimation is performed on each RLM resource to indicate in-sync (IS) or out-of-sync (OOS), we need to consider how this should be reflected when an RLM reference signal is not transmitted due to LBT. 

In the agreement from RAN1#96 in Section 3.2, the following FFS item is identified:
· FFS: Mechanism to handle missing RLM-RS due to LBT failure

An inherent problem for the UE is to reliably distinguish between missing RLM-RS transmissions and not detecting the RLM-RS due to low SINR. Another aspect is whether missing RLM-RS transmissions require explicit notification to the higher layer for specific actions.
Our view is that the UE should tolerate a certain amount of RLM-RS detection failures (by prolonging the in-synch and out-of-synch evaluation periods by Lin and Lout which is the number of missing SS/PBCH blocks during the evaluation periods) but at some limit, declare RLF. The limits of Lin and Lout are for RAN4 to decide. This is discussed in more detail in [6]. 
[bookmark: _Toc536818437][bookmark: _Toc536818442][bookmark: _Toc536818446][bookmark: _Toc784836][bookmark: _Toc1030898][bookmark: _Toc21349807]Mechanism to handle missing RLM-RS is up to RAN4 to decide. 
[bookmark: _Toc7694100][bookmark: _Toc7694101][bookmark: _Toc7694102]In the agreement from RAN1#96 in Section 3.2, the following FFS item is identified:
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.

Compared to Rel-15, NR-U operation will likely have fewer SS/PBCH block transmissions due to LBT failures and/or longer configured SS/PBCH block periods. As proposed in our companion contribution [1], we don’t see a benefit of periodic CSI-RS for tracking (periodic TRS) in unlicensed systems. Use of aperiodic TRS, and aperiodic CSI-RS in general, is a more natural fit for unlicensed operation. For RLM, it makes sense that the UE could make use of aperiodic CSI-RS when triggered. Furthermore, the aperiodic CSI-RS would most likely be triggered inside a gNB acquired COT, which has no relationship to the DRS transmission window. Hence, the UE could be able to make use of ap-CSI-RS for RLM outside the DRS transmission window when needed. Increasing the number of samples used in RLM algorithms will invariably increase the measurement accuracy. That said, we propose to focus RAN1’s efforts on SS/PBCH block based RLM before discussing mechanisms for including additional detected RLM-RS (such as aperiodic CSI-RS) in the evaluation.
[bookmark: _Toc21349808]Focus RAN1’s efforts on SS/PBCH block based RLM before discussing mechanisms for including additional detected RLM-RS (such as aperiodic CSI-RS) in the evaluation.
5	Paging
RAN2 has agreed to extend the PDCCH monitoring for paging. RAN2 also think that UE may stop monitoring the additional PDCCH monitoring occasions at paging occasions (PO) if it detects that gNB had access to the channel at the PO and the detection is reliable. RAN2 has agreed to use transmission addressed to P-RNTI for this purpose. RAN2 wonders whether there are other DL signals that can be reliably detected for this purpose [8].
First, we observe that the number of signals that the an IDLE/INACTIVE UE is aware of (either by configuration in system information or by explicit statements in the specification) are very limited. When in camped normally state 38.304 lists the following tasks that the UE shall perform:
- monitor the paging channel of the cell as specified in clause 7 according to information broadcast in SIB1; 
- monitor Short Messages transmitted with P-RNTI over DCI as specified in clause 6.5 in TS 38.331; 
- monitor relevant System Information as specified in TS 38.331; 
- perform necessary measurements for the cell reselection evaluation procedure; 
- execute the cell reselection evaluation process on the following occasions/triggers:
1) UE internal triggers, so as to meet performance as specified in TS 38.133 [8]; 
2) When information on the BCCH used for the cell reselection evaluation procedure has been modified.
The first two bullets are related to transmissions addressed to P-RNTI, which are already covered by the RAN2 agreement. What remains is monitoring of relevant system information and measurements for the cell reselection procedure. Even though we acknowledge that system information and SS/PBCH blocks (used in the cell reselection procedure) could be overlapping in time with the paging occasion, there is no guarantee that that will always be the case. Thus, we think it would be unfortunate if RAN2 defines behavior that couples the transmission of system information and SS/PBCH blocks with the paging occasions, restricting the scheduling flexibility for those signals and channels and the paging occasions.
[bookmark: _Toc21349809]Inform RAN2 that RAN1 considers the P-RNTI method for early paging monitoring termination already agreed in RAN2 to be sufficient.
 
[bookmark: _Toc4689284][bookmark: _Toc4695110][bookmark: _Toc4685681][bookmark: _Toc4685718][bookmark: _Toc4685743][bookmark: _Toc4685774][bookmark: _Toc4688854][bookmark: _Toc4689183][bookmark: _Toc4689285][bookmark: _Toc4695111][bookmark: _Toc4685682][bookmark: _Toc4685719][bookmark: _Toc4685744][bookmark: _Toc4685775][bookmark: _Toc4688855][bookmark: _Toc4689184][bookmark: _Toc4689286][bookmark: _Toc4695112]6	Conclusion
In the previous sections we made the following observations: 
Observation 1	In case further flexibility is deemed essential cell specific values of Q can be introduced (SIB3/SIB4/MeasObjectNR) to override the frequency common value.
Observation 2	For the vast majority of uses cases when the UE is required to monitor Type0-PDCCH CSS, Q is known, and thus signaling Q in MIB is not motivated.
Observation 3	The DRS transmission window duration can be added to ServingCellConfigCommonSIB and ServingCellConfigCommon. For SCell, the window duration can be added to SCellConfig.
Observation 4	The Rel-15 mechanism of dynamically indicating resources not available for PDSCH can be used as a rate matching mechanism for SS/PBCH Block(s) in the DRS transmission window.
Observation 5	Rel-15 NR already supports configurations so that the mapping of transmitted SS/PBCH blocks to RACH occasions is robust to LBT failures.
Observation 6	Scheduling of PRACH resources via DCI is an optimization and is not critical for the first release of NR-U. It can be considered for a later release in a backwards-compatible manner.
Observation 7	Mappings similar to group-wise SSB-to-RO mapping is already supported in NR Rel-15.
Observation 8	Multiple Msg3 TX opportunities with a single or multiple RARs in the time domain was deprioritized in RAN#84.
Observation 9	The Rel-15 SMTC window can be used “as is,” for configuring RRM measurement windows even when the SS/PBCH blocks shift in time due to LBT failures.
Observation 10	A configurable bandwidth for RSSI is already agreed for CLI-RSSI and can thus be used also for NR-U.
Observation 11	A reference subcarrier spacing in addition to the measurement duration (in symbols) and BW (in PRBs) for RSSI is already agreed for CLI-RSSI and can thus be used also for NR-U.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support signaling of Q for the serving cell in SIB1 (ServingCellConfigCommonSIB).
Proposal 2	Support dedicated signaling of Q for a serving cell in ServingCellConfigCommon
Proposal 3	For RRM measurements (IDLE/INACTIVE/CONNECTED) support signaling one common Q per frequency (SIB2/SIB4/MeasObjectNR).
Proposal 4	The absence of Q or e.g. the value Q=0 is indicative of that the UE shall apply the Rel-15 method of QCL and timing determination where SS/PBCH blocks do not shift in time.
Proposal 5	No further down-selection if Q is necessary, i.e. support Q = {1,2,4,8}.
Proposal 6	If Q is not known, the UE assumes Q=1 for Type0-PDCCH CSS monitoring.
Proposal 7	Support UE behavior to suppress PRACH, SR, and CG transmissions within the DRS transmission window. FFS: Optimizations such as allowing transmissions in slots not containing SS/PBCH, based on UE detecting one or more successful SS/PBCH block transmissions within the window.
Proposal 8	Any PRACH occasion that overlaps with the DRS transmission window shall be considered invalid.
Proposal 9	For dedicated RRC configured UL resources overlapping with the DRS transmission window, the UE can only perform UL transmissions in symbols known to the UE as being indicated as uplink by DCI_2_0.  For symbols where the state (DL/UL/F) is unknown, i.e. symbols within PUSCH preparation time (if no previous indication has been received), the UE does not transmit.
Proposal 10	Support explicit configuration of the DRS transmission window duration associated with the serving cell parameters ssb-PositionsInBurst and ssb-PeriodicityServingCell.
Proposal 11	The ssb-PositionsInBurst IE is configured as in Rel-15 NR, i.e. assuming no shift of the SS/PBCH Block(s).
Proposal 12	Scheduling of PRACH resources via DCI should not be supported in Rel-16.
Proposal 13	The LBT type corresponding to the UL control signal is signaled in the DCI triggering the UL control signal transmission. LBT type field is included in:  - DCI format 1_0 scrambled with RA-RNTI carrying the DL assignments for reception of the RAR messages (Msg2). The LBT type is applicable to Msg 3 transmission  
-  DCI format 1_0 and 1_1 scrambled with C-RNTI carrying the DL assignments. The LBT type is applicable to the UL control signal transmission triggered by the DCI.
Proposal 14	Inform RAN2 that the LBT category for msg 3 transmission is provided to the UE in the DCI carrying DL assignments for the RAR messages and that no further action is required by RAN2 on this matter.
Proposal 15	RSSI and channel occupancy measurement reporting should be specified as additions to the already agreed framework for CLI-RSSI measurement reporting.
Proposal 16	Support configuring a reference frequency (to support inter-frequency measurements i.e. not restricted to the active BWP) for the RSSI and channel occupancy measurement separately from the ssbFrequency and refFreqCSI-RS used for other Rel-15 measurements (not agreed for CLI-RSSI).
Proposal 17	Support configurable L3 filter (including off) for RSSI and channel occupancy measurements.
Proposal 18	Mechanism to handle missing RLM-RS is up to RAN4 to decide.
Proposal 19	Focus RAN1’s efforts on SS/PBCH block based RLM before discussing mechanisms for including additional detected RLM-RS (such as aperiodic CSI-RS) in the evaluation.
Proposal 20	Inform RAN2 that RAN1 considers the P-RNTI method for early paging monitoring termination already agreed in RAN2 to be sufficient.
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