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[bookmark: _Toc534884027][bookmark: _Toc16692836]Introduction
[bookmark: _Ref494215420]NR-based Access to Unlicensed spectrum was approved to be studied and specified as the WI in RAN#82. This contribution gives some considerations for PUCCH/PUSCH/SRS in NR-U operation, including interlaced structure/configurations, PUCCH and SRS designs.
[bookmark: _Toc534884028][bookmark: _Toc16692837]Discussion
Interlaced structure and configuration
The followings are the agreements from last meeting for interlace configurations. We see that there are several open issues like the second interlace index for PUCCH EPF2/3, same or different interlace/continuous resource allocation for PUCCH/PUSCH, etc.
Agreement:
Update the RRC parameter InterlaceAllocation-r16 (defined for a dedicated PUCCH resource) with the following:
· Index of 1st interlace
· Indication of the 2nd interlace index (if 2nd interlace is configured)
· FFS: How the indication is achieved
· Indication of the LBT bandwidth location in which the PUCCH resource is configured
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PF0/1 resources, i.e., PUCCH resources configured prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this configurability
· Enhancements of Rel-15 PF0/1 when interlacing is not used will not be considered as part of the NR-U work in Rel-16
Agreement:
· Support configurability between interlace and contiguous (Rel-15) mappings for cell-specific PUSCH (e.g., msg3), i.e., PUSCH transmitted prior to dedicated configuration
· If interlace mapping is configured, the UE assumes there is no frequency hopping
· RAN2 to decide how broadcast signaling (SIB1) is modified to support this
· Cell specific PUSCH and PUCCH can only be configured to both have interlaced mapping or to both have non-interlaced mapping
· FFS: The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration
Agreement:
Support an RRC parameter to configure a UE with either interlace or contiguous (Rel-15) mappings for dedicated PUCCH resources, i.e., PUCCH resources configured by dedicated signalling
· If interlace mapping is configured, frequency hopping is not configured
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUCCH resources to be different
Agreement:
For PUSCH transmissions after dedicated configuration, support an RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation
· If interlace mapping is configured, frequency hopping is not configured
· FFS: Whether this RRC configuration applies to fallback DCI
· FFS: Whether/how dynamic (non-fallback DCI based) switching is supported between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation 
· FFS: The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different

The 2nd PUCCH interlace index for PUCCH EPF 2/3
In RAN1#98b, it was agreed that it can be allocate 2 interlaces for a PUCCH format 2 or format 3 so that the maximum resources size is not reduced compared with Rel15. The second interlace when allocated, can be determined by a RRC parameter, rather than based on the first allocated interlace. In this case, gNB can determine the spacing between the two interlaces. And from our sight of view, there is no need to define spacing restrictions between these two interlaces. 
In case one interlace is used, it is straight forward to use the first interlace, and the second interlace can be empty, just like mapping to the lowest several PRBs in a PUCCH resource in Rel-15 NR. 
Proposal 1. Adopt the 2nd interlace index in InterlaceAllocation-r16. 
Proposal 2. If two interlaces are configured, there are no configuration restrictions on the spacing between the two interlaces.
Proposal 3. In case only one interlace is used, UCI should be mapped to the first interlace.
Interlaced or contiguous mapping of PUSCH/PUCCH
It is clear that if interlaced waveform is used for PUCCH/PUSCH, it can be beneficial to have common interlaced structure from FDM-based user-multiplexing point of view. Otherwise, if a contiguous resource allocation is used for PUSCH or PUCCH, it is natural to use contiguous resource allocation for all PUSCH and PUCCH for the same LBT sub-band. Thus if a cell-specific PUCCH/PUSCH resource is interlaced structure, UE-specific PUCCH/PUSCH should be also interlaced transmission for the same frequency domain resources. On the other hand, if it is contiguous resource transmission, it should be also contiguous resource after dedicated RRC configurations. However, for different LBT sub-bands, especially dedicated RRC configured BWPs which can be separately from initial UL BWP, we prefer a UE can be configured with interlaced waveform or contiguous mapping of PUSCH/PUCCH to be different from before dedicated RRC configuration. Above all, interlaced or contiguous mapping depends on deployment of the LBT sub-band. 
Also it does not need to support dynamic switching between interlaced and contiguous resource allocation by non-fallback DCI. Furthermore, a UE also does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different.
Proposal 4. The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration.
Proposal 5. Not support dynamic (non-fallback DCI based) switching between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation.
Proposal 6. The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different.
For fallback DCI, it is not prefer to have more dedicated RRC configuration impacts in order to remain its bits field length stable. Considering the bit length difference between interlace resource allocation and Rel-15 resource allocation, frequency resource allocation bits field in fallback DCI can support cell-specific configurability between interlace and contiguous mappings, and not support UE-specific RRC parameter to enable the configurability.
Proposal 7. UE-specific RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation does not apply to fallback DCI.
Partial interlace allocation
It was agreed that PRB-based interlace design is supported for PUSCH and PUCCH, such as one full interlace or more interlaced scheduled or configured for PUSCH or one interlace for PUCCH. As to partial interlace allocation for PUSCH and PUCCH, there are two types:
· Type-1: a partial interlace spans over the carrier bandwidth (Table 1)
· Type-2: partial interlace spans over 20MHz subbands (Table 2) 
Table 1: Type-1 subband partial interlace for 40 MHz BW and 15 KHz SCS 
	Partial interlace type
	Multiplexed UEs
	PRB index over 40 MHz BW (for 15 KHz SCS)

	
	
	0
	1
	2
	3
	4
	…
	19
	20
	21

	Alt-1
	UE1, UE2
	1
	11
	21
	31
	41
	…
	191
	201
	211


Table 2: Type-2 subband partial interlace for 40 MHz BW and 15 KHz SCS 
	Partial interlace type
	Multiplexed UEs
	PRB index over 40 MHz BW (for 15 KHz SCS)

	
	
	0
	1
	…
	9
	10
	11
	…
	20
	21

	Alt-2
	UE1, UE2
	1
	11
	…
	101
	111
	121
	…
	201
	211



Type-1 is not preferred to support in Rel-16 NR-U. This partial interlace allocation for PUSCH or PUCCH will lead to dissatisfaction of OCB regulation. For example, if UE1 is scheduled to transmit PUSCH use the first partial interlace resource in interlace 0 and UE2 is scheduled to transmit PUSCH use the left part of partial interlace resource in interlace 0, it is possible to find out that UE2 fails to channel access due to interference or noise, and only UE1 transmits its PUSCH. In this case, PUSCH transmission cannot meet OCB requirement of LBT subband. PUCCH may have the same situation as above. So it is not preferred to support this type of partial interlace allocation for PUSCH and PUCCH.
Type-2 can be supported. Firstly, type-2 partial interlace do not have any OCB problems. It always satisfy OCB over every LBT subband, since a PUSCH/PUCCH resource always occupies all PRBs of 20 MHz in one interlace. Thus this type of partial interlace is easy to configure and schedule by gNB, moreover it is easy implemented by UE.
Proposal 8. Only support partial interlace allocation over 20 MHz sub-bands within the carrier bandwidth for PUSCH and PUCCH.

[bookmark: _Toc534884033][bookmark: _Toc16692844]PUCCH
Enhanced PUCCH formats 0/1/2/3 were agreed to support in Rel-15 NR-U. There are some open issues that need to be treated. For enhanced PUCCH formats PF0 and PF1, it was agreed to support cyclic shift hopping using a PRB index within the interlace.
Agreement:
· For PUCCH formats 0 and 1 configured with an interlace mapping, the formula for cyclic shift hopping in Section 6.3.2.2.2 of 38.211 is given by



where  indexes consecutive PRBs within an interlace starting with the lowest indexed PRB of the PUCCH resource within the BWP. N is the number of PRBs in an interlace (10 or 11).
· FFS: The step size  is down-selected to one value amongst {1,5,7,11}
· The decision on which value to select is based on minimizing the 95th percentile CM
· [bookmark: OLE_LINK5][bookmark: OLE_LINK8]FFS: For PF0, whether or not the above formula  includes an additional term  in order to increase user multiplexing from 1 to 3 in case of 2-bit ACK/NACK + SR (SR = 1 for positive SR and 0 for negative SR)
· FFS: In order to increase user multiplexing capacity for PF0, PF1, introduction of *(i+i0) into the formula instead of *i  where i+i0 is modulo N, and i0 is configurable in the range {0, 1, …, N-1}.
· This mechanism may create collisions when the user multiplexing capacity is increased (i0 is not 0)

For the issue of “formula  includes an additional term ”, the main advantage is it can increase the PUCCH multiplexing capacity through changing SR information carried by the cyclic shift sets into carried by cyclic shift step among PRBs in one interlace. If SR is negative, the step is , otherwise the step is . It implies gNB needs to decide this step information besides . In other words, it increase the complexity of PUCCH reception. From this sight, we prefer not to introduce this SR step blind detection.
According to whether introduction of Δ*(i+i0) into the formula instead of Δ*i, it is quite clear that this mechanism may create collisions. So user multiplexing capacity actually not increased if collision should be avoided. Thus it is prefer *i in the formula.
Proposal 9. [bookmark: _Toc534884034]Formula  does not include an additional term .
Proposal 10. Not support introduction of *(i+i0) into the formula.
[bookmark: _Toc16692845]SRS
[bookmark: _Toc16692846]SRS waveform enhancement
Rel-15 NR support comb structure based SRS with 2 and 4 comb-levels. The minimum sounding bandwidth for SRS transmission can be 4 PRBs, and for other sounding bandwidth configurations it would always be a multiple of 4 PRBs. 
For NR-U, the minimum sounding bandwidth needs to meet the OCB requirement. Reusing the legacy comb-based wideband SRS over 10MHz/20MHz sub-band can be configured to meet OCB requirement. This wideband SRS can provide good SRS detection performance and sufficient SRS multiplexing capacity. There is no need to introduce another new SRS waveform.
Proposal 11. Only legacy SRS waveform is used for Rel-15 NR-U. NR-U does not support interlaced SRS transmission.

[bookmark: _Toc16692847]P/SP-SRS 
Rel-15 NR supports both periodic and aperiodic SRS transmissions. However, due to the possibility of LBT contention, periodic transmission is not preferred in NR-U. Similar to eLAA, we propose to support only aperiodic SRS transmission, triggered by DCI to increase the opportunity of SRS transmission.
Proposal 12. NR-U does not support P/SP-SRS transmission

[bookmark: _Toc534884039][bookmark: _Toc16692848]Conclusion
In the contribution, we discuss the PUSCH/PUCCH/SRS in NR-U operation, and raise the following proposals.
Proposal 1. Adopt the 2nd interlace index in InterlaceAllocation-r16. 
Proposal 2. If two interlaces are configured, there are no configuration restrictions on the spacing between the two interlaces.
Proposal 3. In case only one interlace is used, UCI should be mapped to the first interlace.
Proposal 4. The UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration.
Proposal 5. Not support dynamic (non-fallback DCI based) switching between interlaced resource allocation and Rel-15 RA (Type0/1) resource allocation.
Proposal 6. The UE does not expect configuration of interlace or contiguous mapping for different PUSCH transmissions to be different.
Proposal 7. UE-specific RRC parameter to enable configurability between interlace resource allocation and Rel-15 (Type 0/1) resource allocation does not apply to fallback DCI.
Proposal 8. Only support partial interlace allocation over 20 MHz sub-bands within the carrier bandwidth for PUSCH and PUCCH.
Proposal 9. Formula  does not include an additional term .
Proposal 10. Not support introduction of *(i+i0) into the formula.
Proposal 11. Only legacy SRS waveform is used for Rel-15 NR-U. NR-U does not support interlaced SRS transmission.
Proposal 12. NR-U does not support P/SP-SRS transmission
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