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Introduction 
In this contribution, the following aspects related to initial access and mobility procedures are addressed:
· Frame timing and QCL determination
· PBCH decoding for RRM
· UE complexity for Alt-1b
· Q values
· RLM 
· RRM
· Enhancements to the 4-step random access procedure
Frame timing and QCL determination
The following agreements were made in RAN1#97
	Agreement:
The mechanism to determine serving cell timing is as follows: 
· The SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS of the 3 available bits in the PBCH payload (not in MIB) originally used in Rel-15 FR2 for MSB SSB index 
· 10-bits SFN and half-frame indicator are indicated as in Rel-15 
· PBCH payload size is not increased compared to Rel-15
· FFS: Whether reuse of other available bits in PBCH payload is also required for timing determination
· If the UE is required to perform PBCH decoding of neighbor cell(s) (e.g., in asynchronous deployments), an explicit time allowance for acquisition of SSB index is provided to the UE

Agreement:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined 
· FFS: Restriction on the range of Q.
Note: Neighbour cell RRM measurements will be addressed separately



We introduce the following notation that was generally used in discussions pre and post RAN1#96.





Notation
	
	
	Values (example)

	t or y
	Time-index or SSB candidate positions within 5 ms
	0,…,19

	c
	Cycle index
	0, 1, 2, 3

	s
	PBCH-DMRS sequence index
	0, 1, …, 7

	b
	Beam index
	0, 1, …, 7

	Q
	Number of beams used in the cell
	1, 2,…, 8

	Stx
	Total number of DMRS sequences used in the cell
	8, 5, 6, 7



Based on the above notation, Alt-1a and Alt-1b from RAN1#96 and RAN1#96bis satisfy RAN1#97 agreement.
	Alt-1a
	Time index , c = 0, 1, 2 cycle index in PBCH, s = 0, …,7 is PBCH-DMRS index
Beam index b = mod(, Q), Q is number of beams, Q is carried in PBCH or RMSI
FFS: inclusion of half-frame indicator bit.

	Alt-1b
	Time index , 
Beam index b = mod(s, Q)
	Q
	
	c

	1, 2, 4, 8
	8
	0, 1, 2

	3, 6
	6
	0, 1, 2, 3

	5
	5
	0, 1, 2, 3

	7
	7
	0, 1, 2






Comments: 
· For Alt-1a, determination of beam index requires cycle index from PBCH that requires PBCH decoding. This was discussed as a drawback for RRM measurements
· For Alt-1b, beam index can be derived from PBCH-DMRS ‘s’ and Q that is made available to UE. This was discussed as an advantage for RRM measurements.
· Alt-1a and Alt-1b are equivalent for Q= 1, 2, 4, 8. From Table 3 (Appendix) we note that the relation between beam index ‘b’ and PBCH-DMRS ‘s’ does not depend on ‘c’. Therefore we can simply use b = mod(s, Q) for beam index determination in this case.
PBCH decoding for RRM

According to Rel-15, for intra-frequency measurements a UE shall be able to identify a new detectable intra-frequency cell without an explicit time allowance for PBCH detection if UE is not indicated to report SSB based RRM measurement result or UE has been indicated neighbour cell is synchronous with serving cell. For inter-frequency measurements a UE shall be able to identify a new detectable inter-frequency cell without an explicit time allowance for PBCH detection if the UE is not indicated to report SSB based RRM measurement result. 
Note that for intra-frequency synchronous RRM, a UE can determine beam index since timing is known. Also synchronous RRM is assumed for licensed TDD FR1 bands. Also note that for asynchronous RRM there is no requirement for the UE to determine beam-index b. It is sufficient if the UE is able to average measurements across SSB instances that are QCL.
From Table 4 and Table 5 (Appendix) we can show that for all Q, if PBCH-DMRS st1, st2 are QCL, they are related by:
 st2 = (st1 + k*Q) mod 8, where k is an integer and k=(t2-t1)/Q. The time difference between measurements (t2-t1) is known at the UE. Therefore if Q is known, this allows the UE to average SSBs that are QCL from PBCH-DMRS detection only (although the beam index b is not determined). This is shown in Figure 1 below.




[bookmark: _Ref4773126]Figure 1: Shows that in Alt1a for Q=3, the PBCH-DMRS index can be determined based on the difference in the time-index of the measured SSBs between two SMTC windows.

Therefore we have the following:
Proposal-1: Frame timing determination (Alt-1a): Time index , Beam index determination: Beam index b = mod(, Q), Q = 1, 2, …, 8. This reduces to mod(s, Q) for Q= 1, 2, 4, 8
Observation-2: In licensed band FR1, timing is assumed to be aligned in TDD. For asynchronous RRM measurements beam-index is not required to be reported without PBCH decoding.
Observation-3: Alt-1a allows RRM measurement and filtering within the same beam –index without PBCH decoding for all Q values and if Q is known.
UE complexity for Alt-1b

[image: ]
Figure 2: (a) For Alt1-b when Q is unknown, hypotheses for PBCH-DMRS increases for a given time-index t determined using PSS/SSS detection (from 1 to 4 in certain cases as highlighted above) which can be challenging for RRM measurements/initial access for certain implementations. (b) for certain UE implementations following Rel-15 soft-combining principles where PBCH soft combining is feasible within the same cycle index c, Alt-b (for example Stx=5) can reduce opportunities for PBCH soft-combining. 

Assuming PBCH-DMRS detection based on accumulation corresponding to 2 PSS/SSS peaks and as an example considering PSS/SSS peaks separated by 8 slots, we have 8 hypotheses for Alt-1a. We can observe for Alt-1b, for the same case, the number of PBCH-DMRS detection hypotheses is 34. Note that this accumulation is applicable to both intra-DRS and inter-DRS transmission window case.
Table 1: For Alt-1a PBCH-DMRS hypotheses for corresponding to two PSS/SSS peaks separated by 8 slots
	First PSS/SSS peak
	s=0
	s=1
	s=2
	s=3
	s=4
	s=5
	s=6
	s=7

	Second PSS/SSS peak
	s=0
	s=1
	s=2
	s=3
	s=4
	s=5
	s=6
	s=7


 
Table 2: For Alt-1b PBCH-DMRS hypotheses for corresponding to two PSS/SSS peaks separated by 8 slots
	First PSS/SSS peak
	s=0
	s=1
	s=2
	s=3
	s=4
	s=5
	s=6
	s=7

	Second PSS/SSS peak
	s=0,1,2,3,4
	s=1,2,3,4,5
	s=0,2,3,4
	s=1,3,4,5
	s=0,2,4,5
	s=1,3,5,6
	s=0,2,4,6
	s=0,1,3,7



Q Values

The following summarizes our understanding of the function of Q:

	Function
	Usage scenario/impact

	QCL determination (to determine whether two detected SSBs are QCL)
	RRM measurements without PBCH decoding

	Beam index determination
	Reporting beam index for RRM/ serving cell

	SIB1 acquisition. PDCCH type-0 CSS monitoring slots
	UE monitors slots based on a beam-index, UE in CONNECTED or INACTIVE or IDLE mode

	Number of candidate positions for the same beam index within 5 ms
	Ability to mitigate LBT failure, UE complexity for PSS/SSS/PBCH combining (see discussion later)



Generally there is no proposal to limit the maximum value of Q, so we assume max Q=8.
Minimum value of Q=1
There has been proposals to increase the minimum value of Q to for example 8. The argument is that it limits UE complexity for PSS/SSS/PBCH combining. Let us assume that a gNB is employing a single beam which is typical in FR1 anyways. In this case if Q=8, a gNB is limited to transmit in 3 out of 20 candidate positions where mod(A,Q)=0. Note that if the gNB is allowed to transmit in the same beam-direction in any candidate position, then there is no benefit in UE complexity. 
In the following, we will argue that for practical implementations, the minimum value of Q does not impact UE complexity.



Figure 3: High level block diagram of first level of PSS/SSS/PBCH processing

In the above figure we show a typical UE implementation of PSS processing. A short processing window (e.g. 5ms) is used to collect time samples. Within this processing window correlations are performed and top N correlation scores are stored. This processing is real-time (or almost real-time). Subsequently, in non-real time, the top scoring correlations from multiple processing windows are tested for feasibility of combination and combined if found feasible.
Note that storage for each correlation includes information on PSS-ID, sample timing hypotheses, frequency offset hypotheses. In order to keep storage low, the sorting of correlation peaks and combination of correlation scores is not done jointly. It is unrealistic to store all correlations within each processing window and jointly perform sorting of peaks and combination of correlation scores in non-real time. Clearly, if sorting of correlation peaks is done as shown above, there is no impact to the UE processing complexity due to a small value of Q. Therefore we think minimum value of Q should be 1.

Whether Q = 1, 2, 4, 8:
Restricting Q to 1, 2, 4, 8 is beneficial if RRM measurements need to be performed when the following conditions are simultaneously satisfied
· Timing of the cell is unknown (e.g. not synchronized)
· Beam index reporting is requested
· PBCH decoding time is not provided
· Q is known
This situation is not possible in Rel-15 (except last condition of course). There is also concern in terms of future compatibility -  at 120 kHz SCS, such sub-sampling of Q become more restrictive and leads to wastage of candidate positions (e.g. Q =64 and gNB is employing 40 beams) then 24/80 candidate positions are unused and 24/40 beams have less transmission opportunity which can affect RRM measurement quality.

Proposal-2: Consider Q= 1, 2, .., 8

Q in PBCH or SIB1
If Q is in SIB1 then QCL determination for cells where Q is unknown is tricky because RRM measurements cannot be performed even with PBCH decoding time provision. It is unclear whether knowledge of neighbor cell Q values would be known to the UE in practice.
Definition of A
Based on the agreements in RAN1#97, an FFS point is to define A. We think A can be a position index or DMRS index – for QCL determination DMRS index is sufficient, for beam index determination position index is necessary when Q ≠ 1, 2, 4, 8. Therefore in general A can be defined as a position index and it is up to UE implementation to use DMRS index instead for certain cases.
Proposal-3: A can be defined as a position index and it is up to UE implementation to use DMRS index instead for certain use-cases.
RLM

The following agreement was made in RAN1#97
	Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE





As an example, let us assume that for a particular UE, the probability that link quality is poor is 20%. Let us assume 3 different medium congestion scenarios, with LBT failure probability = 0%, 20% and 80%. Then we have the following situation based on Rel-15 specifications:

	L1 to higher layer indicator
	LBT failure = 0%
	LBT failure = 20%
	LBT failure = 80%

	IS (link good and LBT success)
	80%
	64%
	16%

	OOS (link poor & LBT success)
	20%
	16%
	4%

	OOS (link good & LBT failure)
	0%
	16%
	64%

	OOS (link poor & LBT failure)
	0%
	4%
	16%

	Total OOS %
	20%
	36%
	84%



From the above, we observe that ideally (for example in licensed band), OOS probability = 20%. Depending on the medium congestion, this OOS probability does up to 36% (when LBT failure is 20%) and up to 84% (when LBT failure is 80%). Then we have the following observations:
· OOS probability depends heavily on the medium congestion and may not reflect link quality at typical congestion
· Therefore it is crucial to enable a mechanism that would reduce LBT failure probability of RLM-RS as much as possible
· In order to reduce false RLF a mechanism is needed to suppress some OOS indications. If it is left to UE implementation then there will be no such requirement (from RAN4 perspective) and the NW will have no control over the responsiveness of the RLM procedure because the UE autonomously will suppress certain OOS indicators.
Mechanism to transmit RLM-RS in DRS
In order to improve the probability of successful LBT, RLM-RS should be included as part of NR-U DRS. Consider configuring a periodic CSI-RS (RLM-RS) where the slot offset is defined with respect to an associated SSB-i slot instead of a frame boundary. SSB-i association for periodic CSI-RS is already configurable in Rel-15 (for QCL purposes). With this enhancement, a UE may expect to receive RLM-RS in all the DRS transmission opportunities that is associated with SSB-i. This allows the scheduler to multiplex RLM-RS within DRS with no restrictions on DRS transmission opportunities. 
 
Proposal-4: Consider periodic RLM-RS (CSI-RS) with slot offset defined with respect to an associated SSB

Additionally RLM measurements can be restricted within a certain window (RLM-DMTC) such that the probability of false OOS indications is reduced assuming that the RS transmission inside DRS transmission window can utilize Cat-2 LBT. Note, however, that the cost of always restricting RLM OOS measurement to DRS occasions can lead to a slower RLM process when the medium is not congested. The gNB should be able to configure a window RLM OOS window for a UE.

Mechanism for LBT success detection:

Another issue is that consistent dropped RLM-RS transmission occasions due to LBT failure may trigger OOS that is undesired. If RLM-RS is defined as a SS/PBCH block index or if associated with a SS/PBCH block index, a UE may perform PSS/SSS/PBCH detection to determine successful RLM-RS transmission for a particular transmission instance. A UE may also consider information such as remaining COT information to determine RLM-RS presence. If the number of successful RLM-RS presence detection within an evaluation period is 0 or small, then a UE may indicate a third indicator type (say failed to detect – FTD indication) to higher layers. This is feasible if the required SINR for OOS indication is much higher than the required SINR for PSS/SSS/PBCH detection which is generally true. With such an indicator, the higher layers can distinguish a reliable OOS indicator (link poor & LBT success) from other OOS indicators (link good & LBT failure or link poor & LBT failure).



Figure 4: Detection of RLM-RS for usage in OOS/IS evaluation is possible if RLM-RS can be detected at a lower SINR than OOS detection or from acquired side information (like remaining COT time etc.) 


Proposal-5: Consider indicating a third indicator type (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS indications. 

RRM

In Rel-15, CSI-RS can be configured for RRM measurements. In order to ensure the same functionality in NR-U it is beneficial to allow CSI-RS configuration and transmission in DRS for RRM measurements. This will allow such CSI-RS transmission with high priority and will also be beneficial for meeting OCB requirements and to guarantee time-continuity of DRS transmission in certain cases. Instead of a periodic configuration in time, it is beneficial to configure the time instances of such a CSI-RS as an offset to an associated SSB. In terms of measurement a UE can measure such CSI-RS using a SMTC window (or something similar) in a manner similar to SSB measurements. Therefore we have the following proposal:

Proposal-6: Consider configuration of mobility CSI-RS time instances as an offset to an associated SSB for RRM measurements where CSI-RS is transmitted as part of DRS transmission.

Also, note that the RMTC measurement framework introduced in LTE was motivated by the need to capture load conditions for neighbouring cells, capture interference outside the downlink burst and capture impact of hidden nodes. The same motivations apply for NR and we may consider using the same RMTC measurement framework as in LTE. 

Proposal-7: Consider re-using RMTC measurement framework as in LTE for average RSSI measurement. Consider re-using channel occupancy reporting as for LTE in NR-U.
Enhancements to the 4-step random access procedure
In previous RAN1 meetings during the study on NR-based access to unlicensed spectrum the following are some of the agreements that were made related to initial access and mobility:
Agreement (RAN1#94bis):
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Release 15 NR uses 4-step random access procedure like LTE. The 4-step random access procedure consists of Msg-1 (PRACH), Msg-2 (RAR), Msg-3 (RRC connection request) and Msg-4 (contention resolution) transmissions. As per TR38.889, 4 –step RACH procedure can be considered as the baseline for NR-unlicensed and mechanisms to handle LBT related aspects (e.g. reduced transmission opportunities for Msg. 1/2/3/4) can be further studied. Moreover, several frequency and time domain enhancements were identified in TR38.889 as potential options to RACH resource enhancements for unlicensed operation, as mentioned in the above agreement. In this regard, the following enhancements are envisioned for 4-step random access procedure.

Msg1 enhancement
The following agreement was made in RAN1 in the past regarding channel access mechanism during initial access:
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
As per the above agreement, the initial active UL BWP for 5 GHz band is subject to one sub-band LBT (20 MHz). Consider that a single PRACH resource is configured within one configured initial UL BWP to an idle mode UE for initial access. If 20 MHz spectrum of the UL BWP that includes the PRACH resource for CBRA is occupied by other neighbouring network, the preamble transmission has to be delayed to the next RACH occasion in time domain and, thereby, the overall initial access delay will increase. 
In order to overcome the abovementioned issue, it can be considered that gNB can configure multiple initial BWPs, each with a PRACH resource configuration, as illustrated in the figure below. The configured BWPs may be contiguous or non-contiguous across frequency. Out of these multiple configured BWPs, one single UL BWP is activated based on LBT outcome (each BWP being subject to independent 20 MHz sub-band LBT) at the UE side and UE transmits PRACH on this single activated BWP. In case CCA is successful on multiple configured BWPs, UE selects one BWP out of these multiple candidates as the initial active UL BWP and use the corresponding PRACH resource to transmit the preamble.



 
Fig. 5 Multiple PRACH resource configurations in frequency domain on multiple configured initial UL BWPs

Proposal-12: NR-unlicensed supports multiple PRACH resource configurations in the frequency domain on multiple configured UL BWPs.
Msg2 enhancement
In the last RAN1 meeting [4], the following agreement was made related to Msg2 enhancement during initial access:
Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR

The main motivation behind the above agreement is to facilitate COT sharing between Msg2 an Msg3 transmissions, such that the LBT congestion for Msg3 is potentially alleviated. In Rel-15 NR, the MAC RAR format is octet aligned and from specification impact perspective, it would be desirable to keep MAC RAR format unchanged while providing LBT category to the UE in RAR.


Fig. 6 MAC RAR (octet format) in Rel-15 NR

One way to indicate LBT category via RAR without changing the existing MAC RAR octet alignment would be to embed the COT sharing information within RAR UL grant in such a way, that the total number of UL grant field bits (27 bits in Rel-15 NR) remains the same.  
Table 1 RAR UL grant content field in Rel-15 NR
	RAR grant field
	Number of bits

	Frequency hopping flag 
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request 
	1



If separate field is introduced for LBT scheme indication in the UL grant field, 1~2 bit(s) from the existing bit fields can be extracted/repurposed and allocated to the newly introduced field, so that 27 bits in total is maintained within RAR UL grant. Examples of few existing grant field(s)/bit(s) that can be repurposed and assigned to LBT scheme indication field are: CSI request (1 bit is “reserved”), Frequency hopping flag (1 bit- can be repurposed since frequency hopping may not be necessary for interlace based Msg3 PUSCH transmission in NR-unlicensed), PUSCH frequency resource allocation (14 bits are available, out of which maximum 10 bits will be required for interlace based PUSCH resource allocation within initial active UL BWP of 20 MHz) etc.
The bit(s) corresponding to the LBT scheme indication field can at least indicate CAT2 or CAT4 LBT (depending on whether COT sharing is enabled or disabled). 

Proposal-13: LBT scheme is indicated as the separate field of UL grant in RAR.
· LBT scheme can at least indicate whether the LBT is CAT2/4. 
· FFS: indication of CAT1.
· FFS: details of the UL grant fields.
To take into account the possible delay in RAR transmission due to LBT congestion in unlicensed operation, it has been agreed in RAN2 to extend the RAR window size (from 10 ms to [20] ms) for NR-unlicensed operation. In NR, The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in subclause 5.3.2 in 3GPP TS 38.211 v15.5.0, f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
RA-RNTI calculation doesn’t take into account System Frame Number (SFN) in NR, since max configurable RAR window size in NR is 10 ms (1 frame) and the minimum periodicity with which same RO (i.e. same RA-RNTI) can occur is 10 ms or 1 frame as well (nSFN mod x=y; x=1, y=0), which implies that within RAR window, RA-RNTIs are unique.
But with enhancement of RAR window size beyond 10 ms, there’s a possibility with the current NR RA-RNTI calculation framework that multiple ROs corresponding to the same RA-RNTI may occur within the extended RAR window. Hence, if more than one UEs happen to use these ROs for preamble transmission, then due to overlap in their RAR window, RAR with the same RA-RNTI may be received by these UEs. There would be no way to distinguish between these RARs unless these RA-RNTIs are made unique or SFN is conveyed in the DCI/RAR.
Since there are already 16 reserved bits in DCI format 1_0 (with CRC scrambled with RA-RNTI), the most straightforward way to include SFN information is to use 1-bit out of these 16 reserved bits to indicate 1-bit LSB of SFN, which is sufficient for 20 ms RAR window.

Proposal-14: Include SFN information in DCI format 1_0 (CRC scrambled with RA-RNTI) using the reserved bits to distinguish between RA-RNTIs associated with RARs for different UEs received within overlapping RAR window (enhanced beyond 10 ms) in NR-unlicensed.

[bookmark: _GoBack]Msg3 enhancement 
RAN2 had sent an LS to RAN1 [3] requesting for RAN1’s feedback on support of multiple msg3 transmission opportunities for 4-step RACH in NR-unlicensed. RAN2 had discussed multiple msg3 transmission opportunities to alleviate the LBT impact and inferred that multiple grants can be provided to UE via a single RAR or having multiple RARs. In addition, RAN2 also discussed the possibility of msg2 sharing COT with msg3, which can be an alternative way to reduce LBT congestion for msg3 transmission.
In replying to an LS from RAN2, RAN1 made the following agreement in the last meeting [4]:
Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.

From RAN1’s perspective, there haven’t been any discussion yet regarding the need of multiple msg3 transmission opportunities from physical layer perspective. However, RAN1 has already agreed to facilitate COT sharing between Msg2 and Msg3, as mentioned in the agreement quoted above. In this case, depending on the UL grant, the gap between msg3 and the end of DL burst within the gNB’s shared COT can be adjusted such that msg3 can either be transmitted without performing any LBT (for gap <16 µs) or using single-shot (or CAT 2) LBT. With high priority channel access provision for msg3 transmission within gNB’s shared COT, any further enhancement in RACH procedure (e.g. multiple msg3 transmission opportunities) may not bring any significant improvement to the performance of RACH procedure. Furthermore, HARQ is already supported for msg3 transmission. Therefore, even though the UE misses the chance for transmitting initial transmission of msg3 due to LBT failure, additional transmission of msg3 can be performed by the form of HARQ retransmission. Support of HARQ for msg3 also decreases the motivation to introduce multiple opportunities for msg3. Considering the above aspects, in our view, support of multiple Msg3 transmission opportunities is not necessary.

Proposal-15: Do not support scheduling of multiple transmission opportunities for Msg3 transmission.

Conclusions
In this contribution, we made the following proposals/observations: 
Proposal-1: Frame timing determination (Alt-1a): Time index , Beam index determination: Beam index b = mod(, Q), Q = 1, 2, …, 8. This reduces to mod(s, Q) for Q= 1, 2, 4, 8
Observation-2: In licensed band FR1, timing is assumed to be aligned in TDD. For asynchronous RRM measurements beam-index is not required to be reported without PBCH decoding.
Observation-3: Alt-1a allows RRM measurement and filtering within the same beam –index without PBCH decoding for all Q values and if Q is known.
Proposal-2: Consider Q= 1, 2, .., 8
Proposal-3: A can be defined as a position index and it is up to UE implementation to use DMRS index instead for certain use-cases.
Proposal-4: Consider periodic RLM-RS (CSI-RS) with slot offset defined with respect to an associated SSB
Proposal-5: Consider indicating a third indicator type (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS indications. 
Proposal-6: Consider configuration of mobility CSI-RS time instances as an offset to an associated SSB for RRM measurements where CSI-RS is transmitted as part of DRS transmission.
Proposal-7: Consider re-using RMTC measurement framework as in LTE for average RSSI measurement. Consider re-using channel occupancy reporting as for LTE in NR-U.

Proposal-11: Consider re-using RMTC measurement framework as in LTE for average RSSI measurement. Consider re-using channel occupancy reporting as for LTE in NR-U.
Proposal-12: NR-unlicensed supports multiple PRACH resource configurations in the frequency domain on multiple configured UL BWPs.
Proposal-13: LBT scheme is indicated as the separate field of UL grant in RAR.
· LBT scheme can at least indicate whether the LBT is CAT2/4. 
· FFS: indication of CAT1.
· FFS: details of the UL grant fields.
Proposal-14: Include SFN information in DCI format 1_0 (CRC scrambled with RA-RNTI) using the reserved bits to distinguish between RA-RNTIs associated with RARs for different UEs received within overlapping RAR window (enhanced beyond 10 ms) in NR-unlicensed.
Proposal-15: Do not support scheduling of multiple transmission opportunities for Msg3 transmission.
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[bookmark: _Ref4772282]Table 3: For Alt-1a or Alt-1b, values of c, s, b for Q=1, 2, 4 and 8
	c
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2

	t
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	s
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q=8, b
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3

	Q=4, b
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3

	Q=2, b
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	Q=1, b
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
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	c
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2

	t
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	s
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q=3, b
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1
	2
	0
	1

	Q=5, b
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4

	Q=6, b
	0
	1
	2
	3
	4
	5
	0
	1
	2
	3
	4
	5
	0
	1
	2
	3
	4
	5
	0
	1

	Q=7, b
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5
	6
	0
	1
	2
	3
	4
	5



[bookmark: _Ref4772963]Table 5: For Alt-1a list of s values observed for RRM measurements for Q = 3, 5, 6 and 7
	
	st1
	st2
	st3
	st4
	st5
	st6
	st7

	b=0, Q=3
	0
	3
	6
	1
	4
	7
	2

	b=1, Q=3
	1
	4
	7
	2
	5
	0
	3

	b=2, Q=3
	2
	5
	0
	3
	6
	1
	

	b=0, Q=5
	0
	5
	2
	7
	
	
	

	b=1, Q=5
	1
	6
	3
	0
	
	
	

	b=2, Q=5
	2
	7
	4
	1
	
	
	

	b=3, Q=5
	3
	0
	5
	2
	
	
	

	b=4, Q=5
	4
	1
	6
	3
	
	
	

	b=0, Q=6
	0
	6
	4
	2
	
	
	

	b=1, Q=6
	1
	7
	5
	3
	
	
	

	b=2, Q=6
	2
	0
	6
	
	
	
	

	b=3, Q=6
	3
	1
	7
	
	
	
	

	b=4, Q=6
	4
	2
	0
	
	
	
	

	b=5, Q=6
	5
	3
	1
	
	
	
	

	b=0, Q=7
	0
	7
	6
	
	
	
	

	b=1, Q=7
	1
	0
	7
	
	
	
	

	b=2, Q=7
	2
	1
	0
	
	
	
	

	b=3, Q=7
	3
	2
	1
	
	
	
	

	b=4, Q=7
	4
	3
	2
	
	
	
	

	b=5, Q=7
	5
	4
	3
	
	
	
	

	b=6, Q=7
	6
	5
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