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Introduction
In the RAN1#AH1091 meeting, some details on the initial access signals and channels for NR-U were discussed and the following agreements and conclusion had been achieved [1]:
Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
Conclusion:
· No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.
Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)
It was also agreed in RAN1 #95 that [2]:
Agreement:
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.
Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 
· Adopt the following text proposal to reflect the above
· “Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.
As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.”
Agreement:
Adopt the following text for the TR:
“Channel access mechanisms for beamformed transmissions have been studied. It has been identified that omni-directional LBT should be supported. 
Using directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam has also been studied.
Further consideration is required regarding directional LBT and its benefits for beamformed transmissions when the specifications are to be developed, taking into account regulations and fair co-existence with other technologies.”
In this contribution, we discuss the enhancement to SSB burst set/DRS transmission for initial access for NR-U DRS.
Enhancement to DRS transmission in NR-U 
For the beam sweeping based SSB/DRS transmission in NR-U, the most important issue lies in the impact of LBT on transmission opportunity of SSB and RMSI within DRS transmission window. DRS should include SSB and RMSI-CORESET+PDSCH at least, and potential OSI and paging signals. Besides, other requirements such as COT and OCB should be considered jointly.
The candidate mechanisms in the agreements of RAN1#94 for transmitting SSBs dropped due to LBT failure are shown as following:
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· 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
In general, Alt-2 is considered to be a more reasonable and feasible choice in most cases with respect to implementation complexity, time delay and signalling overheads. In this mechanism, each SSB could be transmitted at original location in time domain which is same to that of the NR. Otherwise, due to LBT failure, it also could be transmitted at other candidate SSB positions with same QCL assumption. For the latter, detected SSB index i(<=Y) only carries the timing information of candidate position, unlike actual SSB index, it can not be used for the other functions directly except acquiring radio frame boundary. There is a mapping between actual SSB index and detected SSB index with i modulo X operation, where X(<=8) and Y(<=64) are the maximum number of transmitted SSB and maximum number of candidate SSB positions within DRS transmission window, respectively. 
Given X, Y considering the uncertainty of LBT result, the opportunity for DRS transmission depends on the shift granularity mostly. Because each slot contains two SSB candidate positions within DRS transmission window, half a slot(7 symbols) could be used as the minimum granularity. While the shift granularity of DRS transmission is related to the cycle of LBT operation, as an example, the duration of DRS window is 10mS and LBT is performed every 1mS in LTE-LAA/Multefire, where the delay of DRS transmission is counted in 1ms. 
Since fixed number of SSBs are transmitted per slot, it understandable that duration of DRS transmission as well as duration of the DMTC window should be limited in proper range respectively to avoid long duration/high complexity of UE blind detection and meet the requirement of COT regulation at the same time. Refer to LTE LAA and Rel-15 NR as baseline, similar restrictions should be considered for NR-U to keep fairness and compatibility, it could be 5ms for duration of DRS transmission window. 
As agreements mentioned above, NR-U supports 15KHz SCS and 30KHz SCS for SSB in 5GHz band and 6GHz band. For 15 kHz and 30 kHz SCS, if X=8, the duration of DRS burst set transmission will be up to 4 msec and 2 msec, respectively. Considering the impact of LBT failure and 1msec COT when employing Cat-2 LBT, X could be reduced to 2 and 4 for 15 kHz and 30 kHz SCS, respectively. 
Consequently, in view of 5ms DRS transmission window, Y could be set to 10 and 20 for 15 kHz and 30 kHz SCS, respectively. So, with shift granularity of 0.5msec, more opportunity could be used for compensating dropped SSB due to LBT failure within DRS transmission window. Further, considering different deployment environment and implementation of shift granularity, X value of 4 and 8 could be an optional choice for 15 kHz and 30 kHz SCS, respectively.
Proposal 1: For NR-U, the duration of DRS transmission window should be confined to 5msec. 
Proposal 2: For 15 kHz and 30 kHz SCS, the maximum number of candidate SSB positions Y should be 10 and 20, respectively. 
Proposal 3: The maximum number of transmitted SSB within the DRS transmission window X should be 2 or 4 for 15 kHz SCS, and 4 or 8 for 30 kHz SCS according to environment and implementation.

2.1 DRS transmission with directional LBT
Even certain mechanism is used to increase the opportunity for DRS transmission, once LBT is failed prior to DMTC window, delay is inevitable, and the transmission of all DRSs as a whole has to be deferred until LBT is succeeded. 
[bookmark: OLE_LINK9]Similar to LTE-LAA, a clear channel assessment (CCA) based on energy detection is mandatory before access to the channel for NR-U. According to the agreement in RAN1#95, besides omni-directional LBT, directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam, has also been studied. With respect to beam sweeping based directional SSB transmission, omni-directional LBT in LTE-LAA could make an issue of inaccurate CCA detection in NR-U. The result of energy detection on the omni-directional beam could not necessarily represent the channel states in all SSB beams directions. The failure LBT detected on the omni-directional beam could obstruct the SSB transmission on directional beams even if channel is only partly occupied in certain direction, while SSB transmission in the other beam directions could not lead to interfere with the other nodes. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]So, gNB could use directional LBT to improve the probability of SSB transmission in initial access for NR-U. Directional LBT in all SSB beam directions is performed prior to a DMTC window, and the results corresponding to different directions are recorded. If the channel is occupied in most directions and generally unavailable for DRS transmission, gNB could perform LBT at a specific cycle. In this case, the method similar to Alt-2 could be used, namely cyclically shifting DRS sequence to be transmitted in a way coinciding with LBT cycle. Otherwise, gNB could transmit DRS even target channel is occupied in few direction, and then perform LBT only in the direction corresponding to failed directional LBT within DMTC window. For the direction with succeeded LBT, gNB transmits corresponding DRS in its candidate position. While for the direction with failed LBT, gNB could retransmit previous adjacent DRS with original index in the corresponding candidate position to keep contiguous transmission, and enable UE to carry out soft combining with the same QCL assumptions, where an indicator should be used in retransmitted DRS to avoid ambiguity between DRS and its repetition. For the dropped DRS, gNB could remain transmission of the other DRSs within DMTC in a Alt-2 way until corresponding directional LBT is succeeded and the dropped DRS is reissued.
Figure 1 shows an example of DRS transmission where directional LBT is used prior to DMTC window. As illustrated in row A, the results of LBT0 in all directions are recorded at moment T0, and the channel is occupied only in the direction of SSB5. At moment T1, gNB performs LBT1 only in the direction of SSB5 after the transmission of SSB0-3 as shown in row B. Depending on the result of LBT1, gNB decides to transmit SSB5 or not, which are depicted in row B and row C respectively. In row C, due to LBT1 failure, SSB5 transmission has to be deferred to the next transmission group at least. At moment T3, when LBT3 is passed as illustrated in row C, SSB5 is to be transmitted in its candidate position and no additional overhead for offset indication is needed, and before that, SSB0-3(with SSB index 8-11) have been retransmitted in the adjacent transmission group which can be used as soft combining to improve the performance on SSB detection, DRS decoding and cell coverage in NR-U. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Base on above, using directional LBT along with omni-directional LBT, DRS could be transmitted with higher probability and reliability despite the impact of LBT failure, especially for high traffic scenario where gNB cannot perform LBT too frequently.


Fig.1 Using directional LBT for SSB transmission in NR-U
Proposal 4: Directional LBT should be considered for enhancement to DRS transmission in NR-U, and corresponding offset indicating method should be studied. 
Conclusion
In this contribution, we discuss enhancement to DRS transmission for NR-U. The following proposal is made: 
Proposal 1: For NR-U, the duration of DRS transmission window should be confined to 5msec. 
Proposal 2: For 15 kHz and 30 kHz SCS, the maximum number of candidate SSB positions Y should be 10 and 20, respectively. 
Proposal 3: The maximum number of transmitted SSB within the DRS transmission window X should be 2 or 4 for 15 kHz SCS, and 4 or 8 for 30 kHz SCS according to environment and implementation.
Proposal 4: Directional LBT should be considered for enhancement to DRS transmission in NR-U, and corresponding offset indicating method should be studied.  
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