3GPP TSG RAN WG1 Ad-Hoc Meeting 1901	            R1-1901149
Taipei, 21st – 25th January, 2019

Agenda Item:	7.2.2.2.2
Source:	Potevio
Title:	Discussion on enhancement to DRS transmission for NR-U
Document for:	Discussion/Decision

Introduction
In the last RAN1 meeting, some details on the initial access and mobility procedure were discussed and the following agreements had been achieved [1]:
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.”
It was also agreed in RAN1 #94b meeting that [2]:
Agreement:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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 
· 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
In this contribution, we discuss the enhancement to DRS design and transmission for initial access in NR-U.
Enhancement to DRS transmission in NR-U 
Different from SSB transmission in NR, a clear channel assessment (CCA) based on energy detection (ED) is mandatory before access to the channel. For the beam sweeping based initial access in NR-U, the most important issue lies in the impact of LBT regulation on SSB transmission. In addition, other regulatory requirements such as MCOT and OCB also should be considered jointly.
Some contributions have analyzed various factors around the candidate mechanisms in the agreements of RAN1#94 for transmitting SSBs dropped due to LBT failure 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 was 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, as dropped SSB due to LBT failure, it also could be transmitted at other candidate SSB positions. 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 is maximum number of transmitted SSBs within DRS transmission window. Taking Y=16 and X=8 as an example, each SSB has two candidate positions within DRS transmission window as shown in Fig.1, where two shift granularities are applied as contrast. 
Providing a fixed number of SSB are transmitted per slot, it understandable that duration of DRS transmission window as well as duration of the transmitted DRS within window should be limited in proper range respectively to avoid high complexity of UE blind detection and meet the requirement of MCOT regulation at the same time. Refer to LTE LAA as baseline, similar restrictions should be considered for NR-U to keep fairness and compatibility, such as 5ms for duration of DRS transmission window and 12 symbols with 15kHz SCS for DRS transmission. 
However, no matter which candidate mechanism is used to increase opportunity for DRS transmission with its pros and cons, delay is inevitable once LBT is failed, the transmission of all DRS as a whole has to be deferred until LBT is succeeded. Moreover, shift granularity is related to the period of LBT, 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. 


Fig.1 Cyclically wrapped SSB transmission in NR-U
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]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. Consequently, gNB could use directional LBT in initial access to sense the target channel prior to a radio frame containing DRS transmission window, and records the result in all directions of transmitted beams/SSBs. If the number of directions where directional LBT are failed, n, is greater than N(determined according to X), it means channel is occupied in most directions and generally unavailable for DRS transmission, gNB could perform directional LBT sensing in certain period and updating the value of n within DRS transmission window until n is not greater than N. 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 period. Otherwise, gNB could start DRS transmission even target channel is occupied in few direction, and perform directional LBT sensing just in the direction of failed directional LBT then updating LBT result. For the direction with succeeded LBT, gNB transmits corresponding DRS in its candidate position. While for the direction with failed LBT, gNB could transmit other signal related to adjacent DRS such as PDSCH in the selected candidate position of corresponding DRS to keep contiguous transmission. To transmit dropped DRS signal, two alternatives could be considered when corresponding directional LBT is succeeded, 
· Alt-a: transmit DRS immediately in the closest position and indicate the timing information; 
· Alt-b: transmit DRS in its next candidate position.
Fig. 2 gives an example of DRS transmission where directional LBT is used. As shown in row A, the result of LBT0 in all directions is recorded prior to a DRS transmission window, and channel is occupied only in the direction of SSB5. After transmitting SSB0-3, gNB performs LBT1 only in the direction of SSB5. Depending on the result of LBT1, gNB decides to transmit SSB5 in its original position or not, which are depicted in row B and row C1/C2 respectively. In row C1/C2, due to LBT1 failure, SSB5 transmission has to be shifted to the next transmission group at least. When LBT2 is passed, Alt-a is adopted in row C1 and SSB5 is transmitted right after LBT2 in position 8. By contrast, with Alt-b as shown in row C2, SSB5 is transmitted in its selected candidate position and no additional overhead for offset indication is needed at the risk of LBT3 failure.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Base on above, compared with omni-directional LBT, directional LBT could ensure the DRS transmission with higher probability despite the impact of LBT failure, especially for high traffic scenario where LBT cannot performed frequently. So, we have following proposal:


Fig.2 Using directional LBT for SSB transmission in NR-U
Proposal 1: 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 with directional LBT in NR-U. The following proposal is made: 
Proposal 1: 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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