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Introduction
In past RAN1 meetings, the following agreements were made related to initial access procedure for NR-U:
Agreement [1]:
· [bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK58][bookmark: OLE_LINK59]It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· [bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Alt-1: Shift SSB(s) in time to the next transmission instance 
· [bookmark: OLE_LINK71]Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB

[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93]Agreement [2]:
For SSB transmissions as part of DRS:
· [bookmark: OLE_LINK62][bookmark: OLE_LINK63]It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· [bookmark: OLE_LINK371][bookmark: OLE_LINK372]Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission 

Agreement [3]:
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84]For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


	
	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


	
	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



[bookmark: OLE_LINK7]Agreement [5]:
The maximum DRS transmission window duration is 5 ms.
· [bookmark: OLE_LINK151][bookmark: OLE_LINK152]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.
· [bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK155]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.

Agreement [5]:
[bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: _Ref228947482][bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98]UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).

Discussion 
Frame timing and QCL determination 
[bookmark: OLE_LINK64][bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK140][bookmark: OLE_LINK17][bookmark: OLE_LINK18]UE determines serving sell timing from the detected SSB candidate position, and the maximum number of SSB candidate positions is Y=10 for 15 kHz SCS and Y=20 for 30 kHz were agreed in the last meeting. It is straight forward to utilize PBCH DMRS sequence combined with PBCH payload to indicate the SSB candidate position, since this timing acquisition method is already supported in Rel.15 NR. Increasing the number of the DMRS sequences and utilize the phase rotation of SSS are unnecessary, because even though the PBCH payload is used to determine the timing, the purpose of performing measurement without reading PBCH still can be achieved.
[bookmark: OLE_LINK274][bookmark: OLE_LINK363][bookmark: OLE_LINK364][bookmark: OLE_LINK424][bookmark: OLE_LINK425][bookmark: OLE_LINK340][bookmark: OLE_LINK361][bookmark: OLE_LINK362][bookmark: OLE_LINK412][bookmark: OLE_LINK413][bookmark: OLE_LINK414][bookmark: OLE_LINK415][bookmark: OLE_LINK365][bookmark: OLE_LINK366][bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK256][bookmark: OLE_LINK259][bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK420][bookmark: OLE_LINK421][bookmark: OLE_LINK416][bookmark: OLE_LINK417][bookmark: OLE_LINK422][bookmark: OLE_LINK423]For timing acquisition based on PBCH DMRS sequence and PBCH payload, one solution is the number of transmitted DMRS sequences is a multiple of Q, as, Q is the number of non-QCLed SSBs, and the integer number , X is the maximum number of transmitted SSBs. The PBCH payload will deliver the cycle index in this solution. It seems there is no need for an initial access UE to derive the frame timing based on the number of non-QCLed SSBs Q. For RO selection, measurement, etc. purpose, Q can be delivered by RMSI, it is not necessary to enlarge the PBCH payload. 
The NR FR2 timing acquisition method can be used for UE deriving the candidate position index via 3bits PBCH DMRS sequence and 2bits PBCH payload. The SSB index which identifies a beam can be calculated from the candidate position index and the number of non-QCLed SSBs, Q.
[bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK331][bookmark: OLE_LINK332][bookmark: OLE_LINK399][bookmark: OLE_LINK400]SSB index = the candidate SSB position index mod Q
[bookmark: OLE_LINK206][bookmark: OLE_LINK207][bookmark: OLE_LINK208]Taking the table 1 for example, gNB transmit 6 SSBs with 3 different beams (i.e., Q=3) in a DRS burst. If a UE detected the SSB in position 9, and it will get the SSB position index from PBCH DMRS sequence and PBCH payload to synchronize with gNB. After reading the RMSI, the value of Q can be used to calculate the SSB index, and the SSB index 0 (9 mod 3) will be utilized to perform RO selection, etc. 

Table 1 example of SSB burst transmission in Alt. 1a，Q=3
[image: ]

[bookmark: OLE_LINK314][bookmark: OLE_LINK315][bookmark: OLE_LINK316][bookmark: OLE_LINK312][bookmark: OLE_LINK313][bookmark: OLE_LINK387][bookmark: OLE_LINK388][bookmark: OLE_LINK389][bookmark: OLE_LINK390][bookmark: OLE_LINK391][bookmark: OLE_LINK392][bookmark: OLE_LINK378][bookmark: OLE_LINK379]This method is reused the concept in Rel.15 NR that SSBs with the same SSB index are QCLed. This way will minimize the spec effort, since the beam identifier (SSB index in NR) is involved in numerous procedures, such as RA, BM, RLM and RRM. If introduce a new beam identifier, several specifications need to be modified. 

[bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK252][bookmark: OLE_LINK333][bookmark: OLE_LINK334][bookmark: OLE_LINK294]Proposal 1: UE acquires the frame timing via the PBCH DMRS sequence index and PBCH payload which indicate a candidate SSB position index.
Proposal 2: Reusing the Rel.15 QCL assumption in NR-U, the SSBs with same SSB index are QCLed. The SSB index is calculated from the candidate SSB position index via
[bookmark: OLE_LINK233][bookmark: OLE_LINK234][bookmark: OLE_LINK401][bookmark: OLE_LINK402][bookmark: OLE_LINK403][bookmark: OLE_LINK404][bookmark: OLE_LINK434][bookmark: OLE_LINK435][bookmark: OLE_LINK436]SSB index = (the candidate SSB position index) mod (the number of non-QCLed SSBs)

Indication of candidate SSBs/DRS transmission window
[bookmark: OLE_LINK184][bookmark: OLE_LINK185][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK180][bookmark: OLE_LINK186][bookmark: OLE_LINK187]In the last meeting, DRS transmission window configuration was noted as FFS, with respect to whether/how to support configurable DRS transmission window. 
[bookmark: OLE_LINK182][bookmark: OLE_LINK183][bookmark: OLE_LINK10][bookmark: OLE_LINK11]To support configurable DRS transmission window is beneficial to improve resource efficiency, reduce UE complexity for SSB detection, as well as guarantee coverage for different scenarios. For the same reason, NR Rel-15 already supports to indicate transmitted SSBs by ssb-PositionsInBurst, thus it is straight forward to reuse this indication method. However, since the maximum number of candidate SSB positions within a window is 10 for 15 kHz and 20 for 30 kHz for NR-U, the length of bit-map in ssb-PositionsInBurst needs be extended and different SCS can correspond to different bit-map length.
[bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237]
[bookmark: OLE_LINK282][bookmark: OLE_LINK283][bookmark: OLE_LINK284][bookmark: OLE_LINK285][bookmark: OLE_LINK286][bookmark: OLE_LINK287]Proposal 3: NR-U should support configurable DRS transmission window by reusing ssb-PositionsInBurst in NR Rel-15.
· The length of bit-map in ssb-PositionsInBurst should be extended and different SCS can correspond to different bit-map length.

Support for full range of X
[bookmark: OLE_LINK181][bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK373][bookmark: OLE_LINK374][bookmark: OLE_LINK375]As per agreement above in RAN1#94bis meeting, the maximum number of transmitted SSBs is [X] within a DRS transmission window and X <= 8.
In general, the maximum number of transmitted SSBs within a window depends on the SCS of SSB, and the restriction on duty cycle and transmission duration subject to channel access type/priority. For example, if gNB uses Cat 2 LBT, SSB transmission should be under the restriction that duty cycle <= 1/20, and the total duration is up to 1ms (as in LAA). So in this case, the maximum number of transmitted SSBs within a window could be 2 for 15kHz SCS and 4 for 30 kHz SCS. But if gNB adopts Cat-4 LBT, there’s no restriction as that for Cat 2 LBT, so the maximum number of transmitted SSBs within a window could be 8. Since the SCS and channel access type/priority are up to gNB implementation, X should be 8 for more flexibility. 
Under the restriction on the maximum number of transmitted SSBs within a DRS transmission window, gNB may transmit less within a window. For example, gNB may transmit up to 4 SSBs for 15 kHz although it could transmit up to 8 SSBs by Cat-4 LBT. Therefore, considering that SSB (with data in DRS) and some other data which is not a part of DRS may be transmitted within the same COT, gNB should indicate the actual maximum number of transmitted SSBs, i.e. Z, to UE, so that UE can receive DL data according to this information, and this information is also beneficial for measurement. 

[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 4: For more flexibility of gNB implementation, the maximum number of transmitted SSBs within DRS transmission window X should be 8 for 15/30 kHz SCS.
[bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK321]Proposal 5: To assist UE’s DL data reception and measurement, gNB should inform UE of the actual maximum number Z of transmitted SSBs within DRS transmission window (Z<=X, X = 8). 

Contention free RACH for SR 
[bookmark: OLE_LINK271][bookmark: OLE_LINK272]In unlicensed band, periodic transmission cannot be guaranteed due to channel access requirement. Moreover, configuring periodic PUCCH may largely restrict the flexibility of DL/UL switching. In that sense, periodic PUCCH may not be the best option for transmission of UCI including SR in unlicensed band. Compared to PUCCH in licensed band, requirement of a minimum bandwidth of 2 MHz is another disadvantage of PUCCH for small size of UCI.

[image: ]
Figure 1 CFRA for SR

In Rel-15 NR, when there is no valid PUCCH resource for SR, UE will initiate 4-step contention based RACH upon UL data arrival. 4-step means 4 times of LBT. It may cause a large delay depend on the condition of channel access. Contention free RACH for SR as shown in Figure 1 can be used to reduce periodic PUCCH without increasing LBT.

Observation 1: Periodic PUCCH is not suitable to be used in unlicensed band.
Proposal 6: Define CFRA for SR to enable reduction of periodic PUCCH without increasing the number of LBT.

Conclusions
In this contribution, we discussed DRS frame structure involve SSB transmission, QCL assumption and frame timing acquisition, and SR enhancements. Based on the above discussion, we have following observation and proposals,
[bookmark: OLE_LINK250][bookmark: OLE_LINK251]Proposal 1: UE acquires the frame timing via the PBCH DMRS sequence index and PBCH payload which indicate a candidate SSB position index.
Proposal 2: Reusing the Rel.15 QCL assumption in NR-U, the SSBs with same SSB index are QCLed.  The SSB index is calculated from the candidate SSB position index via
SSB index = (the candidate SSB position index) mod (the number of non-QCLed SSBs).
Proposal 3: NR-U should support configurable DRS transmission window by reusing ssb-PositionsInBurst in NR Rel-15.
· The length of bit-map in ssb-PositionsInBurst should be extended and different SCS can correspond to different bit-map length.
Proposal 4: For more flexibility of gNB implementation, the maximum number of transmitted SSBs within DRS transmission window X should be 8 for 15/30 kHz SCS.
Proposal 5: To assist UE’s DL data reception and measurement, gNB should inform UE of the actual maximum number Z of transmitted SSBs within DRS transmission window (Z<=X, X = 8). 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Observation 1: Periodic PUCCH is not suitable to be used in unlicensed band.
[bookmark: _GoBack]Proposal 6: Define CFRA for SR to enable reduction of periodic PUCCH without increasing the number of LBT.
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