3GPP TSG RAN WG1 #98			R1-1909176
Prague, CZ, August 26th – 30th, 2019

Source:	NTT DOCOMO, INC.
Title:	UL signals and channels for NR-U
[bookmark: Source]Agenda Item:	7.2.2.1.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1 #97 meeting, UL signals and channels for NR-U were discussed and following agreement were made [1].
	Agreement:
Support enhancement of Rel-15 PUCCH formats PF0 and PF1 as follows:
· Mapping to physical resources of one full interlace in 20 MHz.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
· Note: Decisions on the above should be based on at least performance using the agreed MCL metric and specification impact
· Note: Interlaced PF2 and 3 are not enhanced to support 1-2 bit payloads

Agreement:
For enhanced Rel-15 PF3 supporting interlaced mapping, do not replace DFT-s-OFDM with CP-OFDM



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “UL signals and channels for NR-U” agenda was endorsed [2].
	7.2.2.1.3 UL signals and channels
Essential
· PUCCH EPF0/1/2/3 design
· Interlaced PUSCH resource allocation design in DCI
Optimizations
· Multiple starting position within a PUSCH
· 60KHz PUSCH interlaced waveform
· SRS waveform enhancement (interlace or stagger)
· P/SP-SRS multiple opportunities



In this contribution, we discuss on the UL signals and channels for NR-U, including PUCCH formats, UL resource allocation and PUSCH starting position. 

2. Enhanced PUCCH format design for NR-U
For enhanced PF2/3, RAN1 agreed followings at RAN1#96 meeting.
· Support short and long PUCCH durations based on enhancements of at least Rel-15 PUCCH formats PF2 and PF3. The enhancements include at least the following aspects:
· For a 20 MHz carrier bandwidth, support mapping to physical resources of at least one full interlace
· Mechanism to support user multiplexing for both data and reference symbols of PUCCH
The remaining issue for ePF2/3 is whether/how to support user multiplexing. Following discussion points were identified in [3].
· ePF2
· User multiplexing supported or not
· If supported, what level of user-multiplexing to support, e.g., 2, 4, 8?
· 1-symbol PF2
· 2-symbol PF2
· User multiplexing mechanism, i.e., FD-CDM, TD-CDM, or both, as well as potential mechanism differences between data (UCI) and reference symbols (DMRS)
· ePF3
· User multiplexing supported or not
· If supported, what level of user-multiplexing to support, e.g., 2, 4, 6, 12?
· 4 – 14 symbol PF3
· User multiplexing mechanism, i.e., pre/post DFT, as well as potential mechanism differences between data (UCI) and reference symbols (DMRS)
· Potential merge of ePF3 and PF4
For both ePF2 and ePF3, different interlaces can be used for user multiplexing as well as for PUSCH, and hence no-CDM support for ePF2/ePF3 would be acceptable.
Proposal 1: Enhanced PF2/3 for NR-U are specified without support of CDM functionality.

For enhanced PF0/1, as described in Section 1, there are following FFS points.
· FFS: Sequence type and mapping considering the following alternatives:
· Alt-1: Repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace with mechanism to control PAPR/CM considering the following alternatives
· Alt-1a: Cycling of cyclic shifts across PRBs 
· Alt-1b: Phase rotation across PRBs of an interlace where the phase rotation is can be per RE or per PRB
· Alt-2: Mapping of different length-12 Rel-15 PF0 and PF1 sequences to the PRBs of an interlace based on different group number u (range is 0 .. 29)
· Alt-3: Mapping of a single long sequence to the PRBs of an interlace
· FFS: Impact due to guardbands 
There are similar alternatives discussed for enhanced PRACH, but ePF0/1 are mapped to one full interlace while ePRACH is mapped to consecutive PRBs. Because of this difference, Alt-3 for ePF0/1 may not be attractive since the detection of ePF0 may be performed based on per-PRB sequence correlation. Alt-1 and Alt-2 can achieve per-PRB orthogonality across UEs based on cyclic shift (and TD-OCC in ePF1) while sequence collision property across cells may be changed in Alt-2. Although Alt-2 may be able to achieve better PAPR/CM and/or better robustness against inter-cell interference, the sequence pattern design to achieve them would require large standard effort. Therefore, Alt-1 seems preferable for ePF0/1. In addition, since NR-U coverage would be limited due to regulation on maximum Tx power, additional mechanism to improve PAPR/CM for ePF0/1 may not be essential. Nevertheless, Alt-1a (e.g., with simple increment of cyclic shift for each PRB) would be reasonable.
Proposal 2: Enhanced PF0/1 for NR-U are specified based on repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace.


3. Frequency domain resource allocation signaling for interlaced PUSCH
[bookmark: _Hlk4655110]At the RAN1 NR-AH#1901 meeting, RAN1 made following agreements regarding PRB-based interlace design as shown in Figure 1.
	Agreement:
For interlace transmission of at least PUSCH and PUCCH, the following PRB-based interlace design is supported for the case of 20 MHz carrier bandwidth:
a.	15 kHz SCS: M = 10 interlaces with N = 10 or 11 PRBs / interlace
b.	30 kHz SCS: M = 5 interlaces with N = 10 or 11 PRBs / interlace
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Figure 1: PRB-based interlace design for 15/30 kHz SCS
Therefore, for frequency domain resource allocation for interlaced PUSCH with 15/30 kHz SCS within 20 MHz bandwidth, the uplink resource allocation type 3 mechanism for 20/10 MHz LTE-eLAA can be reused, respectively [4]. For 30 kHz SCS, 5 bits resource allocation field in UL grant can indicate a bitmap of allocated interlaces {#0, #1, #2, #3, #4}. For 15 kHz SCS, 6 bits resource allocation field in UL grant can consist of a resource indication value (RIV) which corresponds to the starting resource block and allocated interlaces based on specific equations and rule. 
RAN1 also made following working assumption at the RAN1 NR-AH#1901 meeting.
	Working assumption:
· For a given SCS, the following interlace design is supported at least for PUSCH:
· Same spacing (M) between consecutive PRBs in an interlace for all interlaces regardless of carrier BW, i.e., the number of PRBs per interlace is dependent on the carrier bandwidth
· Point A is the reference for the interlace definition
· For 15 kHz SCS, M = 10 interlaces and for 30 kHz SCS, M = 5 interlaces for all bandwidths
· FFS: Interlace design for PUCCH for bandwidths greater than 20 MHz
· FFS: Whether and how partial interlace allocation is supported



Therefore, even for wideband operation, same frequency domain resource allocation mechanism as for 20 MHz bandwidth operation can be used. However, in order to support partial interlace allocation, e.g., resource allocation only on some selected LBT sub-bands, additional indication such as a bitmap of allocated LBT sub-bands would be necessary.
For 10MHz bandwidth operation, according to above working assumption, M=10 for 15 kHz SCS and M=5 for 30 kHz SCS are applied, and hence the number of PRBs per interlace is N=5 or 6 for 15 kHz SCS and N=4 or 5 for 30 kHz SCS. However, in order to simplify the frequency resource allocation in case of 15 kHz SCS, M=5 and bitmap based resource allocation can be applied to 10 MHz operation with 15 kHz SCS.
Proposal 3: Following frequency domain resource allocation mechanism is supported for interlaced PUSCH.
· In case of 15 kHz SCS with bandwidth equal to or wider than 20 MHz, M=10 is applied for interlace definition, and 6 bits resource allocation field in UL grant indicates RIV as in UL resource allocation type 3 in LTE.
· In case of 30 kHz SCS and 15 kHz SCS with bandwidth equal to 10 MHz, M=5 is applied for interlace definition, and 5 bits resource allocation field in UL grant indicates a bitmap of allocated interlaces.
· In case that bandwidth is wider than 20 MHz, additional bitmap is carried in UL grant to indicate allocated LBT bandwidths.


4. SRS waveform enhancement
There is a proposal on support of interlaced design for SRS [3]. It may be beneficial in terms of FDM with other interlaced UL channel and efficient channel sounding for an interlace. However, as this item is categorized as optimization in [2], even Rel-15 SRS design can work in NR-U without significant problem. Therefore, considering the limited time for Rel-16 NR-U, SRS waveform enhancement should be deprioritized.
Proposal 4: SRS waveform enhancement including support of interlaced design is deprioritized in Rel-16 NR-U.


5. Multiple starting positions within a PUSCH
Whether or not to support multiple starting positions within a PUSCH is also discussed in our companion contribution for HARQ enhancement [5]. In case of single TTI scheduling, there would be a large difference between single starting position and multiple starting positions in terms of UE complexity and processing. However, in case of multi-TTI scheduling, since UE anyway needs to prepare multiple PUSCHs according to the grant and some of PUSCHs may not be transmitted depending on LBT result, additional UE complexity and processing for allowing multiple starting positions for each PUSCH would not be so significant compared with single TTI scheduling case. In addition, although multiple mini-slot PUSCHs scheduled by multi-TTI grant can also achieve multiple starting positions, it is inefficient in terms of eMBB compared with slot-based PUSCH with multiple starting positions. Therefore, in order to achieve both large number of candidate starting positions for one or multiple PUSCHs and high transmission efficiency for eMBB, we propose to support multiple starting positions for each PUSCH in case of multi-TTI grant as shown in Figure 2. UE capability for the support of multiple starting positions for a PUSCH can be defined so that the support of multiple starting positions for a PUSCH is optional for NR-U UE. 
Proposal 5: For multi-TTI UL grant, multiple starting positions for each PUSCH can be configured/indicated according to UE capability.
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Figure 2: Examples of multi-TTI grant scheduling with multiple candidate starting positions for each PUSCH


6. Conclusion
In this contribution, we discussed on the UL signals and channels for NR-U. Based on the discussion, we made following proposals.
Proposal 1: Enhanced PF2/3 for NR-U are specified without support of CDM functionality.
Proposal 2: Enhanced PF0/1 for NR-U are specified based on repetition of the length-12 Rel-15 PF0 and PF1 sequence in each PRB of an interlace.
Proposal 3: Following frequency domain resource allocation mechanism is supported for interlaced PUSCH.
· In case of 15 kHz SCS with bandwidth equal to or wider than 20 MHz, M=10 is applied for interlace definition, and 6 bits resource allocation field in UL grant indicates RIV as in UL resource allocation type 3 in LTE.
· In case of 30 kHz SCS and 15 kHz SCS with bandwidth equal to 10 MHz, M=5 is applied for interlace definition, and 5 bits resource allocation field in UL grant indicates a bitmap of allocated interlaces.
· In case that bandwidth is wider than 20 MHz, additional bitmap is carried in UL grant to indicate allocated LBT bandwidths.
Proposal 4: SRS waveform enhancement including support of interlaced design is deprioritized in Rel-16 NR-U.
Proposal 5: For multi-TTI UL grant, multiple starting positions for each PUSCH can be configured/indicated according to UE capability.
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