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1. Introduction
In this contribution, we discuss UL signals and channels for NR-U.

2. Dynamic switching between contiguous and interlace
In RAN1#98b meeting [2], we made following agreements:

	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




From the above agreement, it is agreed that the broadcast signalling can indicate the resource allocation method (interlace or contiguous) for PUSCH and PUCCH. As an FFS, however, the UE does not expect the configuration of interlaced or contiguous mapping of PUSCH/PUCCH to be different before and after dedicated RRC configuration. This FFS is directly related to dynamic switching between interlace and contiguous mapping, since the dynamic switching will be consequently impossible if the mapping type for PUSCH/PUCCH is same before and after dedicated RRC configuration. For the dynamic switching, it might require more PUCCH resources per a PUCCH resource set due to the PUCCH scheduling flexibility. In NR-U, PUCCH resource configuration should be dealt with more scenarios than that of Rel-15. For example, there are 8 PUCCH resources in a PUCCH resource set in Rel-15. With the number of PUCCH resources, however, the PUCCH scheduling may suffer from lack of the number of PUCCH resources, since PUCCH resources should be associated with up to 4 LBT bandwidths, that is, two PUCCH resources per a LBT bandwidth. Furthermore, the PUCCH scheduling flexibility will be significantly decreased if the dynamic switching is adopted, as the PUCCH resources should utilize both interlace and contiguous mapping. In the end for the UE configured 4 LBT bandwidths, the UE can use only one PUCCH resource with interlace and only one PUCCH resource with contiguous mapping in each subband. 

Observation 1: A gNB may suffer from PUCCH scheduling due to the lack of the number of PUCCH resources in NR-U.

Unless the number of PUCCH resources is increased, there is little merit to adopt dynamic switching. Hence, we propose that dynamic switching between interlaced and contiguous mapping for PUCCH is not supported in Rel-16 NR-U.

Proposal 1: Dynamic switching between interlaced and contiguous mapping for PUCCH is not supported in Rel-16 NR-U.

For the contiguous mapping for PUCCH/PUSCH, the usage is limited only in the temporal allowance of OCB requirement (2MHz) within the COT, that is, in order to achieve the temporal allowance of OCB requirement, the PUCCH/PUSCH should have at least 12/6 PRBs for 15/30kHz SCS, respectively. Consequently, once the legacy PUCCH format is used onto several symbols in a single LBT subband, interlace transmission structure cannot be applied to another PUCCH/PUSCH in the symbols in the LBT subband. For example, when the 6 PRBs of legacy PUCCH format 2 for 30kHz SCS is configured on several symbols, the interlace mapping for PUSCH cannot be configured at least on the same symbols, since maximum spacing of the interlace is 5, and the PRBs of PUCCH/PUSCH with contiguous mapping fully overrides the interlace spacing.
From this point of view, dynamic switching between interlaced and contiguous mapping for PUSCH may not be desirable if the dynamic switching for PUCCH is not supported. For example, assuming that the PUCCH and the PUSCH illustrated in the Fig.1 are scheduled to transmit by multiple UEs, that is, the PUCCH is transmitted by UE1, and the PUSCH is transmitted by UE2. 
[image: ]
Fig.1: PUCCH and PUSCH multiplexing for mixed structures

For the Case 1 that the allocation method for PUCCH is fixed by contiguous mapping, then a gNB cannot configure the interlace transmission for PUSCH to UE2, since some of PRBs are overlapped. In this case, the gNB can avoid the overlapping issue by scheduling the PUSCH with contiguous mapping to UE2. As we can see in the Case 2 in Fig.1, the transmission structure of uplink naturally is set with same structure on the overlapped symbols in a subband.

Proposal 2: Dynamic switching between interlaced and contiguous mapping for PUSCH is not supported in Rel-16 NR-U.

3. Discussion on NR-U PUCCH

3.1. Second interlace for PUCCH

For the number of interlaces for PUCCH, RAN1 made an agreement to use up to two interlaces with the indication from RRC parameter as below:
	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



As shown in above agreement, the parameter for the second interlace is set to RRC parameter. The remaining issue, however, is how the indication is achieved. The indication is achieved by two ways: Alt.1) to indicate the second interlace index directly, and Alt2) indicate the presence of the second interlace that the index of second interlace is implicitly derived such as first interlace index plus one. For Alt.1), it might be beneficial to relax the PSD constraint by allocating two interlaces with a large gap as wide as possible. Besides, Alt.2) has lower scheduling complexity compared to Alt.1). For example, when a gNB schedules a PUSCH with 3 contiguous interlace index for UE1 and a PUCCH with 2 non-contiguous interlace index for UE2 in a slot for 30kHz SCS, there is no way to transmit both the PUSCH and the PUCCH at the same time (i.e., FDM is impossible between them). However, such a scheduling complexity can be solved by using contiguous interlace index (i.e., Alt.2). We slightly prefer to support Alt.1 that PSD constraint is more important factor for a UE, since it is directly related with transmission power.

Proposal 3: The second interlace index for PUCCH should be explicitly indicated by RRC parameter.

Regarding the second interlace for PUCCH, there is one more related issue remained as FFS in the agreement of RAN1#98b [2] shown in below with yellow-highlighted:
	Agreement:
For PUCCH Formats 2 and 3 configured with interlace mapping, the number of configured interlaces is 1 or 2
· For Interlaced PF3:
· NPUCCH = 10 if one interlaced is configured (as previously agreed)
· NPUCCH = 20 if two interlaces are configured
· UE should use either one full interlace or two full interlaces according to configured maximum code rate and actual UCI payload size (subject to FFS below on the case of a BWP possible less than full carrier BW)
· FFS: In case one interlace is used, which interlace is used
· FFS: If two interlaces are configured, whether or not there are configuration restrictions on the spacing between the two interlaces
· FFS: For a 20 MHz carrier bandwidth, whether a BWP can be configured to be less than the carrier bandwidth. 
· If allowed, NPUCCH can be less than 10 (for 1 interlace) or can be less than 20 (for 2 interlaces)
· Note: This agreement refers to configured interlaces, not actually used interlaces. 
· Note: User multiplexing is to be further discussed. This agreement does not imply that user multiplexing is supported or not supported.




When the UE is configured with two interlaces for a PUCCH, and only one interlace is used after determining the minimum PRBs for the PUCCH, we have two options for which interlace is used; Alt.1) the first interlace which is indicated by RRC parameter interlace0, and Alt.2) the lowest (or highest) interlace index between two interlaces configured to the UE. From the view point of UE multiplexing, Alt.1) outperforms Alt.2). As an example, a UE1 is configured by two interlaces for PUCCH with interlace0=1 and interlace1=2, and a UE2 is also configured by two interlaces for PUCCH with interlace0=2 and interlace1=1, respectively. For the case that both UEs turn into using one interlace, the PUCCHs for both UEs should be multiplexed into one interlace when the Alt.2) is adopted, while Alt.1 allows FDM to both UEs. Base on this fact, we propose that the UE uses the first interlace indicated by RRC parameter interlace0 when a UE is configured with two interlaces for a PUCCH, and only one interlace is used.

Proposal 4: When a UE is configured with two interlaces for a PUCCH, and only one interlace is used, the UE uses the first interlace indicated by RRC parameter interlace0.

4. Discussion on NR-U PUSCH
4.1. Frequency domain resource allocation

4.1.1. Interlace allocation
In RAN1 #98 meeting, following was agreed [1]:
	
Agreement:
· For interlaced PUSCH transmission in a BWP, X bits of the PUSCH frequency domain resource allocation field are used for indicating which combination of M interlaces is allocated to the UE.
· This applies to PUSCH of the following types:
· Msg3 PUSCH
· PUSCH Scheduled by fallback and non-fallback DCI
· Type 1 and Type 2 Configured Grant PUSCH
· For 30 kHz SCS
· Support X = 5 (5-bit bitmap to indicate all possible interlace combinations)
· For 15 kHz SCS
· Down-select between the following two alternatives:
· Alt-1: Support X = 10 (10-bit bitmap to indicate all possible interlace combinations)
· Alt-2: Support X = 6 bits to indicate start interlace index and number of contiguous interlace indices (RIV) and using remaining up to 9 RIV values to indicate specific pre-defined interlace combinations




From the above agreement, the frequency domain resource allocation (FDRA) for 30kHz SCS was decided to use bitmap method. In this subsection, we discuss the FDRA for 15kHz SCS. First, the RIV manner to select the index of interlace uses similar method in Rel-15, and the number of bits in DCI  is given by
,
where  is the number of interlaces for SCS u. From the equation, we can obtain  as 6 bits for 15kHz SCS. It is noted that RIV method can select ‘contiguous’ index of interlaces. On the other hand, the bitmap mapping is simpler method where each bit corresponds to a respective interlace. This bitmap requires 10 bits for 15kHz SCS as described in the agreement. For the comparison RIV and bitmap, the DCI overhead of the RIV manner is less than that of bitmap while the scheduling flexibility for bitmap outperforms that of RIV. This 4-bit gap is a trade-off between the scheduling flexibility and DCI overhead. Unlike LAA, NR-U UE can transmit both PUCCH and PUSCH on the unlicensed channel. It means that, the gNB should consider not only the multiplexing the PUSCHs for different UEs, but also the multiplexing PUSCH and PUCCH. This may require high flexibility not to collide each other in frequency domain.
For the UL fallback DCI (DCI 0_0), the DCI overhead requires around 30 bits with rough calculation. Due to the DCI size budget, the size of DCI 0_0 should be aligned with DCI 1_0 whose size is roughly around 40 bits. In turn, 10 (or more) bits should be zero-padded to DCI 1_0 in order to align the size. In other words, the DCI overhead issue from FDRA for fallback DCI is not a significant concern. 

Observation 2: For the UL fallback DCI, the DCI overhead issue from FDRA is not a significant concern due to the zero padding for DCI size alignment with DCI 1_0.

On the other hand, for the non-fallback DCI (DCI 0_1), since the DCI overhead strongly depends on the configuration, to reduce the overhead is a key issue at this stage of standardization task. From this perspective, we propose that, for the FDRA of the PUSCH with 15kHz SCS, the bitmap resource allocation should be used for UL fallback DCI, and the RIV manner should be used for UL non-fallback DCI.

Proposal 5: For the FDRA of the PUSCH with 15kHz SCS, the bitmap resource allocation should be used for UL fallback DCI, and the RIV manner should be used for UL non-fallback DCI.

4.1.2. LBT bandwidth indication for PUSCH
[bookmark: OLE_LINK1]Once the interlace index is selected, for example, when a UE is scheduled to transmit 20MHz PUSCH in 40MHz or wider BWP, namely partial interlace allocation, the UE does not have any information about the subband for the PUSCH transmission. Therefore, the set of LBT subbands used in PUSCH transmission should be indicated by gNB. It is reasonable to use the field in the UL DCI to dynamically indicate the LBT bandwidths for the PUSCH transmission, as the available LBT bandwidth is frequently changed depending on the LBT results.

Proposal 6: Support that DCI can indicate the LBT bandwidths for the PUSCH transmission.

Even though the RAN4 had agreed that the transmission with non-contiguous multiple subbands is not supported, however, RAN1 has agreed that RAN4 agreement does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16. From this agreement, the indication method can be considered as RIV-like method and bitmap. Since up to 4 subbands can be configured in a BWP, RIV-like method needs 4 bits in DCI format from the above equation by replacing  with the number of subbands. On the other hand, the bitmap also needs 4 bits which is one-to-one mapping with a respective subband. As the overhead is same, the bitmap is more attractive method due to its higher flexibility for forward-compatibilities. From this perspective, the bitmap method is a reasonable choice for subband indication.

Proposal 7: Support the bitmap indication method for the set of LBT subbands used in PUSCH transmission.

5. Configured UL (CUL) transmissions
In RAN1#98bis it was agreed to allow configured UL (CUL) transmissions in a set of symbols of a slot when the UE is configured with DCI 2_0 format monitoring and does not detect a DCI 2_0 format providing a slot format for the set of symbols, and when the set of symbols are indicated as ‘F’ with a semi-static TDD pattern or the UE is not configured with a semi-static TDD pattern.
[bookmark: _GoBack]At the same time, for configured DL (CDL) reception, it was agreed that a UE can be provided with at least two groups of search space sets for PDCCH, and the UE can be configured to switch between the groups. The motivation to introduce this switching mechanism was to support more frequent PDCCH monitoring for outside of the gNB’s channel occupancy and to make the UE aware of DL transmission burst which possibly starts in a middle of a slot. 
In Rel-15, for a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-DL-Configuration, the UE does not expect to be configured both CDL reception and CUL transmission in the set of symbols of the slot. It is not difficult for Rel-15 gNB to guarantee no collision between CDL and CUL, since UEs would stop both CDL and CUL if DCI 2_0 is not detected. However, it is questionable if it should be left to the network’s handling in Rel-16 as well, because PDCCH monitoring occasions with a short interval (e.g. less than a slot length) will be configured for outside of gNB’s COT, and the DCI 2_0 is likely not to be detected outside the COT.

Proposal 8: Discuss whether/how to handle PDCCH monitoring and CUL transmission in the set of symbols when two groups of search space sets for PDCCH are configured.


6. Conclusion
[bookmark: _References]In this contribution, we propose

Observation 1: A gNB may suffer from PUCCH scheduling due to the lack of the number of PUCCH resources in NR-U.

Proposal 1: Dynamic switching between interlaced and contiguous mapping for PUCCH is not supported in Rel-16 NR-U.

Proposal 2: Dynamic switching between interlaced and contiguous mapping for PUSCH is not supported in Rel-16 NR-U.

Proposal 3: The second interlace index for PUCCH should be explicitly indicated by RRC parameter.

Proposal 4: When a UE is configured with two interlaces for a PUCCH, and only one interlace is used, the UE uses the first interlace indicated by RRC parameter interlace0.

Observation 2: For the UL fallback DCI, the DCI overhead issue from FDRA is not a significant concern due to the zero padding for DCI size alignment with DCI 1_0.

Proposal 5: For the FDRA of the PUSCH with 15kHz SCS, the bitmap resource allocation should be used for UL fallback DCI, and the RIV manner should be used for UL non-fallback DCI.

Proposal 6: Support that DCI can indicate the LBT bandwidths for the PUSCH transmission.

Proposal 7: Support the bitmap indication method for the set of LBT subbands used in PUSCH transmission.

Proposal 8: Discuss whether/how to handle PDCCH monitoring and CUL transmission in the set of symbols when two groups of search space sets for PDCCH are configured.
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