3GPP TSG RAN WG1 #97		R1-1906835
Reno, USA, 13th – 17th May, 2019

Agenda Item:	7.2.2.2.2
Source:	Sony
[bookmark: _Hlk7104797]Title:	Enhancements to initial access procedures for NR-U
Document for:	Discussion / Decision

Introduction
In the RAN1#96 meeting [1] and RAN1#96bis meeting [2], the following agreements were made.
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
Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows
Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure
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.
Agreement:
For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.
Agreement:
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).

In this contribution, we discuss procedures with respect to initial access and mobility for NR unlicensed operations. This contribution is a revision of R1-1904251.

Discussion
DRS transmission
If the PBCH payload carries information of the QCL assumption, the UE has to read the PBCH payload even when performing RRM measurement of neighbour cells. Since PBCH decoding results in an increase of power consumption for the UE, it should be avoided as much as possible. To avoid PBCH decoding when performing neighbour cells measurement, information related to the QCL assumption (e.g. SSB index used for beam identification) should be determined by the DMRS sequence only.
[bookmark: _Hlk7104840]Proposal 1: PBCH decoding should not be required when performing RRM measurement of neighbour cells.
For DRS only transmission, LBT Cat.2 and Cat.4 are applicable depending on DRS transmission duration. Assuming that DRS with half-slot structure is supported, to minimize the number of reservation signals in the case that Cat.4 is applied and to increase DRS transmission opportunity in the case of Cat.2, the LBT shift granularity for DRS transmission should be a half-slot. 
[bookmark: _Hlk7104816]Proposal 2: Minimum granularity of LBT shift for DRS transmission should be a half-slot.
In Rel-15, for the frequency range of 3-6 GHz, it was supported that up to 8 SSBs could be transmitted within half-frame. To achieve similar coverage with Rel-15 NR on licensed spectrum, NR-U should have a maximum of 8 SSBs within the DRS transmission window. It is noted that the actual number of transmitted SSBs must depend on the LBT Category. In the case of LBT Cat.2, in order not to exceed 1 msec transmission duration, up to 2 SSBs for 15 kHz SCS and 4 SSBs for 30 kHz SCS are allowed to be transmitted.
[bookmark: _Hlk7104823]Proposal 3: The maximum number of actual transmitted SSBs within a DRS transmission window, X
· should be 8 in the case of LBT Cat.4
· should be 2/4 for 15/30 kHz SCS in the case of LBT Cat.2
According to the feature lead summary in RAN1#96bis meeting [3], the following alternatives for the SSB index indication mechanism were categorized. (Note that Alt-1c and Alt-3 are already ruled out because no companies supported these in the last meeting.)· Alt-1: The SS/PBCH block position index is detected using a combination of PBCH DMRS sequence and [2] bits in the PBCH payload, and potentially repurpose bits in MIB
· Alt-1a: The candidate SSB positions within the DRS transmission window are indexed from 0,…,Y-1 using 3 bits in PBCH DMRS sequence and [2] bits in PBCH payload. UE determines serving cell timing from the SSB candidate position index based on Rel-15 procedure.
· Alt-1b: UE determines the timing  , where c is the cycle index indicated in the MIB,  is the number of cycled/transmitted DMRS sequences from the total number of sequences  and given by the number of transmitted beams X as the maximum integer multiple of the number of transmitted beams per cell , subject to , and s denotes the DMRS sequence index.
· Alt-1d: UE determines the timing within a half-frame based on PBCH DMRS sequences and information carried in PBCH payload (4 bits from Rel-15 timing information bits in PBCH and 1 bit from Rel-15 CORESET#0 SCS indication in MIB). The PBCH DMRS sequence index is cyclically mapped to candidate SSB positions according to the maximum allowed number of actually transmitted SSBs (i.e. X= 8). The 4 bits (for 15KHz SCS) or 5 bits (for 30KHz SCS) in PBCH payload carries information of the start timing of the DRS burst within the half-frame. Initialization of the pseudo-random sequence generator for SIB1 PDSCH DM RS sequence is based on an associated SSB candidate position index. Half-frame timing information is included in SIB1. 
· Alt-2: The SS/PBCH block position index is detected using PBCH DMRS sequence only
· Alt-4: SS/PBCH block position index is derived with the combination of PBCH DMRS sequence and the phase difference between PBCH DMRS and SSS.

Alt-1 is an indication mechanism using a combination of PBCH DMRS sequence and PBCH payload. Since this indication mechanism is already implemented for Rel-15 UEs, it would be easy to apply to NR-U UE, and therefore the least specification impact would be expected. For alt-1a, using reserved 2 bits in the PBCH payload in addition to the PBCH DMRS sequence, the SSB position could be indicated, which is a similar procedure as SSB index indication on FR2. In Alt-1a, the flexibility of indication for timing or QCL assumption configuration would be less than alt-1b/d.  For alt-1b, by using the cycle index c for DMRS sequence, any number of transmitted beams other than 1/2/4/8 could be realized. Compared to the PBCH overhead of alt-1a, the overhead would be increased by 1 bit in alt-1b in order to support that the number of beams are 3, 6, 5, and 7. Alt-1d achieves the most flexible timing and beam indication. Although any starting position of actual transmitted SSBs could be indicated via PBCH payload, an additional 2 or 3 bits (for 15/30 kHZ SCS) are required for timing indication in this alternative.
A beneficial aspect of alt-2 is that PBCH decoding is not required for acquisition of the QCL-assumption as well as timing. Although alt-2 would be attractive not only for neighbour cell measurement but also for fast timing acquisition of a cell, alt-2 requires a change in the design of the PBCH DMRS sequence. If the number of DMRS sequences were increased, SSB index detection performance would be degraded. For alt-2, we need to carefully consider the impact of a change of DMRS sequence, taking cross-correlation performance into account.
For alt-4, a similar benefit to that of alt-2 would be expected. In addition, alt-3 doesn’t require a change of DMRS sequence. However, there is also a concern, as for alt-2, that the PBCH DMRS detection performance would be degraded.
As a result of the above discussion, at least alt-1 should be supported for NR-U. Discussion on whether alt-1a, 1b or 1d should be supported depends on how many repurposed bits in MIB would be utilized for timing indication, because repurpose bits would also be used for the other purposes (e.g. the number of actually transmitted beams Q, etc.). 
Proposal 4: At least Alt-1 (The SS/PBCH block position index is detected using a combination of PBCH DMRS sequence and [2] bits in the PBCH payload, and potentially repurposed bits in MIB) should be supported.
· It is further studied for the down-selection of Alt-1a/b/d. It should be considered whether and how many bits are necessary for timing indication on top of reserved 2 bits. 

RACH procedure enhancement
FDM of PRACH resource is supported in NR. If UL wideband operation with a sub-band bandwidth of 20 MHz is allowed, as discussed in [6], it is possible that multiple PRACH resources across multiple LBT sub-bands are configured so that the UE can transmit PRACH on the sub-band where LBT succeeds. By using multiple sub-bands for PRACH transmission, PRACH congestion could be reduced. We also discussed this issue in [7]
[bookmark: _Hlk7104856]Proposal 5: In frequency domain, if UL wideband operation with a sub-band bandwidth of 20 MHz is allowed, NR-U should support multiple PRACH resources on multiple sub-bands.

RRM/RLM enhancement
In unlicensed bands, due to LBT failure, it is not guaranteed that SS/CSI-RS will always be periodically transmitted. If SS/CSI-RS transmission is blocked, the UE may tend to underestimate cell quality and indicate out-of-sync (OOS) because the UE sometimes measures SS/CSI-RS resource where no SS/CSI-RS is transmitted due to LBT failure. By indicating COT, the UE can know where SS/CSI-RS resource is actually transmitted and can eliminate not-transmitted SS/CSI-RS resource from RRM measurement (at least RSRP measurement) and RLM evaluation procedures. The mechanisms of COT indication are discussed in [8].
[bookmark: _Hlk7104866]Proposal 6: RSRP measurement as RRM measurement and RLM evaluation outside COT should not be performed.

Conclusions
In this contribution, based on the above discussion, we have the following proposals:
Proposal 1: PBCH decoding should not be required when performing RRM measurement of neighbour cells.
Proposal 2: Minimum granularity of LBT shift for DRS transmission should be a half-slot.
Proposal 3: The maximum number of actual transmitted SSBs within a DRS transmission window, X
· should be 8 in the case of LBT Cat.4
· [bookmark: _GoBack]should be 2/4 for 15/30 kHz SCS in the case of LBT Cat.2
Proposal 4: At least Alt-1 (The SS/PBCH block position index is detected using a combination of PBCH DMRS sequence and [2] bits in the PBCH payload, and potentially repurposed bits in MIB) should be supported.
· It is further studied for the down-selection of Alt-1a/b/d. It should be considered whether and how many bits are necessary for timing indication on top of reserved 2 bits. 
Proposal 5: In frequency domain, if UL wideband operation with a sub-band bandwidth of 20 MHz is allowed, NR-U should support multiple PRACH resources on multiple sub-bands.
Proposal 6: RSRP measurement as RRM measurement and RLM evaluation outside COT should not be performed.
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