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

2. Discussion on NR-U PUCCH
In RAN1#97 meeting [1], following agreement about PUCCH format for NR-U is reached:

	
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




From the agreement, PUCCH formats for NR-U and its supportable items were determined. The rest of standardization task is to prepare its configuration for each PUCCH format. In Table 1, PUCCH formats for NR-U and its supportable items are summarized.

Table 1. PUCCH formats for NR-U
	
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2
	PUCCH format 3

	
	Interlace
	Interlace
	Interlace 
(enhanced)
	Non-interlace
(legacy)
	Interlace 
(enhanced)
	Non-interlace
(legacy)

	Number of UCI payloads
	Up to 2
	Up to 2
	More than 2
	More than 2

	Number of Symbols
	Up to 2
	More than 3
	Up to 2
	More than 3

	DFT-s-OFDM
	No
	No
	No
	Yes

	CP-OFDM
	Yes
	Yes
	Yes
	No

	UE multiplexing within a PRB
	Cyclic shift-based
	OCC
	FFS
(Section 2.1.2)
	No
	FFS
(Section 2.1.3)
	No



Like those of Rel-15, UCI payloads up to 2bits are sent by using enhanced PUCCH formats 0/1, and UCI payloads more than 2bits are sent by using PUCCH formats 2/3 with interlace or non-interlace. Also, the short symbol length is supported by PUCCH format 0/2 and the long symbol length is supported by PUCCH format 1/3. At this point, we may define that how the enhanced PUCCH formats in the above table are categorized i.e., new PUCCH format or including to existing PUCCH format. We describe details for the PUCCH formats for NR-U in the following subsections. Note that PUCCH format 2/3 supporting interlace mapping refers to ‘the enhanced PUCCH format 2/3’, and PUCCH format 2/3 with non-interlace mapping refers to ‘the legacy PUCCH format 2/3’ in this contribution, respectively.

2.1. PAPR issue for enhanced PUCCH format 0/1
In RAN1#97 meeting, it was agreed that the small UCI payload (1 or 2bits) is transmitted by the enhanced PUCCH format 0/1. The problem to adopt the enhanced PUCCH format 0/1 is that the transmit signal bears high PAPR due to repetitive resource mapping across PRBs within one or more configured interlace. With regarding this issue, three alternatives were proposed as FFS shown in the agreement of RAN1#97 meeting. It is expected that all methods in FFS may have similar performance in terms of PAPR reduction. Hence, it is reasonable to choose one of the methods regarding to implementation simplicity. From this view point, we slightly prefer Alt.1-b: phase rotation across PRBs to reduce PAPR for the enhanced PUCCH format 0/1.

Proposal 1: Support phase rotation across PRBs to reduce PAPR for the enhanced PUCCH format 0/1.

2.2. UE multiplexing within a PRB
For the enhanced PUCCH format 2/3, since interlace transmission for the enhanced PUCCH formats in NR-U consumes much more PRBs than the legacy PUCCH formats, and thus the interlace operation suffers from the capacity of UE multiplexing by itself, hence increasing the UE multiplexing capacity is an essential issue. Accordingly, it is naturally required to utilize additional multiplexing methods. The enhanced PUCCH format 0/1 can support the UE multiplexing due to the fact that they are inherited from Rel-15 PUCCH format 0/1. For the enhanced PUCCH format 2/3 inherited from those of Rel-15, the only way to multiplex several UEs is FDM (i.e., difference interlace index for each UE), and its granularity is one interlace (e.g., 10 PRBs for 30kHz SCS). This may occur resource waste inefficiently, and therefore they should be utilized the additional UE multiplexing method. One of the solutions is that orthogonal cover code (OCC) might be an attractive method due to its simplicity. The OCC generation method can be mainly considered two ways: Alt.1) generate OCC against whole PRBs included in a single interlace (10 or 11PRBs for 15kHz SCS and 30kHz SCS) and divide into each PRB. Alt.2) generate OCC against 1PRB and permute in whole PRBs. It is well-known that OCC sequence spreading widely over frequency domain may introduce loss of orthogonality due to channel state such as frequency selective fading, and thus Alt.1 may not be suited in interlace circumstance of NR-U. From the perspective of preserving orthogonality, Alt.2 can be identified as beneficial. We briefly describe the OCC for the enhanced PUCCH format 2/3 in both time and frequency domain.

2.2.1. PUCCH format 0/1
In Rel-15, the PUCCH format 0 is capable of 6 or 3 UE multiplexing for 1 or 2-bit HARQ-ACK information on a single PRB, respectively. Similarly, the PUCCH format 1 is capable of maximum 84 UE multiplexing on a single PRB with 14 OFDM symbols. In NR-U, these multiplexing methods for the enhanced PUCCH format 0/1 are also valid and its UE multiplexing capacity is not changed on a single interlace other than a single PRB. Even though the requirement of the UE multiplexing capacity varies depending on the cell size, current capacity might be enough for the consideration of the fact that the NR-U is operated in small cell.

Observation 1: The UE multiplexing method for PUCCH format 0/1 used in Rel-15 can be reused in NR-U.

2.2.2. PUCCH Format 2

[image: ]
Fig. 1. An example of OCC for 2-symbol PUCCH format 2

PUCCH format 2 has a mixed structure of UL control data and demodulated reference signal (DMRS) with density of 1/3 within one PRB. Figure 1 illustrates an example of OCC with spreading factors for 4. Note that spreading factor is equal to the UE multiplexing capacity. Firstly, for the case of frequency domain, we see that there are 8 REs for control data and 4 REs for DMRS in a single PRB. Even though the UE multiplexing capacity for control data is 8, however, overall UE multiplexing capacity should be 4 due to the fact that the capacity of DMRS is up to 4. Also, we can consider spreading factor 2 of OCC in time domain so that the capacity is extended as twice. Consequently, the maximum 8 of UE multiplexing capacity can be achieved on a single interlace of 2 symbols for PUCCH format 2.

Proposal 2: The enhanced NR-U PUCCH format 2 should support frequency and time domain OCC.

2.2.3. PUCCH Format 3

[image: ]
Fig. 2. An example of OCC for 4-symbol PUCCH format 3

For the case of the enhanced PUCCH format 3, the OCC in time and frequency domain can be applied. As an example, it is illustrated in Fig.2 for 4-symbol PUCCH format 3 including one DMRS symbol. First, OCC with various spreading factor (e.g., 2, 3, 4, 6, 12) can be applied to data symbols in frequency domain. Also, for the legacy PUCCH format 3, the Zadoff-Chu sequence is used as DMRS with fixed value of initial cyclic shift index (i.e., m0=0). By enhancing the range of the initial cyclic shift index to {0~11} as in the legacy PUCCH format 1, the UE multiplexing capacity on DMRS symbol can increase up to 12 in the frequency domain. On the other hand, the time domain OCC can be configured up to 4, since there are 4 DMRS symbols in PUCCH format 3. In this manner, the UE multiplexing capacity can be achieved as maximum 48 UEs per a single interlace.

Proposal 3: The enhanced NR-U PUCCH format 3 should support frequency and time domain OCC for data, and time domain OCC and multiple initial cyclic shift values for DMRS.

2.3. Channel multiplexing between uplink channels
For single UE, the PUCCH is piggybacked to PUSCH in most of the cases when the PUCCH is overlapped with the PUSCH in Rel-15, and the PUCCH and PUSCH are allowed to multiplex in frequency domain for multiple UEs in Rel-15. On the other hand, the uplink channels multiplexing is needed to clarify the situation under the LBT scenario. We briefly describe the multiplexing issue in subsequent section.

2.3.1. Transmission structure for uplink channels
It is agreed that the PUCCH format for NR-U has two transmission structures; contiguous PRB mapping for the legacy PUCCH formats and interlace structure for the enhanced PUCCH formats. For the legacy PUCCH formats, 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 legacy PUCCH formats should have at least 12/6/3 PRBs for 15/30/60kHz 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 structure cannot be configured at least on the same symbols, since maximum spacing of the interlace is 5, and the PRBs of legacy PUCCH format 2 fully overrides the interlace spacing.
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Fig.3. PUCCH and PUSCH multiplexing for mixed structures

More precisely, assuming that the PUCCHs and the PUSCHs illustrated in the Fig.3 are scheduled to transmit by multiple UEs, that is, the PUCCH is transmitted by UE1, and the PUSCH is transmitted by UE2. For the Case 1, 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 Case2 in Fig.3, the transmission structure of uplink naturally is set with same structure on the overlapped symbols in a subband.

Observation 2: The transmission structure of uplink channels is same at least on the overlapped symbols in a subband.

Having said that, we may concern the legacy PUCCH formats, as the contiguous PRB mapping of the legacy PUCCH format may influence to PUSCH PRB mapping. In TR38.889[3] as described in below, NR-U can support Rel-15 NR PUSCH which is contiguous PRB mapping, however it is identified as beneficial that the interlace transmission structure can be applied to PUSCH.

	7.2.1.2 Physical layer channel design in TR 38.889
Support for Rel-15 NR PUSCH can be considered. However, it has been identified that block-interlaced based PUSCH can be beneficial.



We can consider the scenario that the PUCCH transmission for a UE is using a contiguous PRB mapping on several symbols within a LBT subband. Then, similar situation to the PUCCH, the PUSCH for another UEs cannot be applied to the interlace allocation for the symbols. Therefore, the contiguous PRB mapping for the PUSCH is essentially required to multiplex PUCCH and PUSCH for different users.

Proposal 4: PUSCH with contiguous allocation in the gNB COT is supported for NR-U.

2.3.2. [bookmark: _Hlk16775414]Multiplexing PUCCHs for different users
Due to the mixed transmission structure (interlace / non-interlace) and LBT circumstance, uplink channel multiplexing for multiple UEs should be redefined from that of Rel-15. Firstly, we can consider the channel multiplexing scenario for the PUCCH for UE1 carrying 1 or 2-bit HARQ-ACK and the PUCCH for UE2 carrying more than 2 bits HARQ-ACK. In this case, the PUCCH for UE2 should be configured for the enhanced PUCCH format 2/3 supporting interlace as the PUCCH carrying 1 or 2-bit HARQ-ACK can be configured by only the enhanced PUCCH format 0/1 in NR-U. Hence, we propose that the PUCCH with interlace allocation for more than 2 bits HARQ-ACK information in the gNB COT should be supported UEs in NR-U.

Proposal 5: The PUCCH with interlace allocation for more than 2 bits HARQ-ACK information in the gNB COT should be supported in NR-U.

As a second scenario, we can consider for the PUCCH for UE3 carrying more than 2 bits HARQ-ACK and the PUCCH for UE4 carrying more than 2bits HARQ-ACK. In this case, both PUCCHs can be configured for the legacy or the enhanced PUCCH format 2/3. As mentioned before, once the legacy PUCCH format 2/3 is used to transmit on symbols in a slot, the interlace allocation cannot be applied to the symbols. To solve the issue in the case, the frequency domain resources on the symbols should be scheduled with the legacy (contiguous) PUCCH formats. Likewise, once the enhanced (interlace) PUCCH format 2/3 is used to transmit on symbols in a slot, then the legacy (contiguous) PUCCH formats cannot be applied to the symbols. From these reasons, we proposed that for PUCCH transmission for more than 2 bits HARQ-ACK information in the gNB COT, dynamic switching between interlace allocation and contiguous allocation is supported.

Proposal 6: For PUCCH transmission for more than 2 bits HARQ-ACK information in the gNB COT, dynamic switching between interlace allocation and contiguous allocation should be supported.

2.3.3. PUCCH resource configuration
A PUCCH resource set in Rel-15 has 8 PUCCH resources (except for the first PUCCH resource set), and each PUCCH resource has its configuration. For the procedure to select a PUCCH resource for a UCI payload including HARQ-ACK in Rel-15, a PUCCH resource set is determined based on the number of bits for the UCI payload. Then, the PUCCH resource is determined based on the PUCCH resource indicator (PRI) using the field in DCI format. In NR-U, the procedure of above mentioned Rel-15 can be reused for the PUCCH resource selection. The problem is that, however, the PUCCH resource configurations should be adequately modified to fit into NR-U. For example, the PUCCH resources of the Rel-15 are designed to support only legacy PUCCH formats while the interlace mapping is introduced to the enhanced PUCCH formats in NR-U, and thus the configuration of the PUCCH resource should be additionally configured. 

Observation 3: The PUCCH resource configurations need to be modified to support new features such as interlace, OCC based UE multiplexing, etc.

PUCCH resource supporting both contiguous mapping and interlace mapping can be configured in a single PUCCH resource set. In other words, 8 PUCCH resources in a single PUCCH resource set are divided into two groups for legacy and interlace mapping. In this case, the number of PUCCH resources may not fully cover the various scheduling scenarios in NR-U, and therefore the scheduling flexibility will be decreased. That is, it may require to increase the number of PUCCH resources. We can consider following two alternatives to increase PUCCH resources.

Alt.1: Increase the number of PUCCH resources in a PUCCH resource set
One alternative solution can be considered to increase the number of PUCCH resources in a PUCCH resource set up to 32 as well as the first set of PUCCH resource. One issue to increase PUCCH resources in a PUCCH resource set is, how to select a PUCCH resource from a larger PUCCH resource set. We may cope with the issue by implementing following solutions. First, the PUCCH resource index for the first set of PUCCH resources in Rel-15 can be reused to indicate whole number of PUCCH resources. If the number of PUCCH resources in a PUCCH resource set is less than 32, the PUCCH resource index will be required to modify to fit into the number of PUCCH resources. Alternatively, to increase the number of PRI bits in DCI formats is another reasonable option. For this alternative, each PUCCH resource in a PUCCH resource set can be configured whether the interlace transmission is supported or not.

Alt.2: Increase the number of PUCCH resource sets
Another solution can be considered generating additional PUCCH resource sets for the interlace mapping. One issue for the new PUCCH resource set is, how to select the PUCCH resource set from the increased number of PUCCH resource sets. In Rel-15, the PUCCH resource set is selected based on the number of UCI payloads including HARQ-ACK information. In addition to the method of Rel-15, the additional parameter such as interlace mapping is also considered to select a PUCCH resource set. For this alternative, the PUCCH resource sets can be categorized into interlace and non-interlace supporting.

Both alternatives are bearing tradeoff issue between the higher scheduling flexibility and additional explicit (or implicit) bits (e.g., overhead increase in DCI).

Proposal 7: Increase the number of PUCCH resource candidates per PUCCH transmission instance for the higher scheduling flexibility of PUCCH.

3. Discussion on NR-U PUSCH
3.1. Frequency domain resource allocation
3.1.1. Contiguous PRB transmission
In Rel-15 NR, the number of bits in DCI format for frequency domain resource allocation (FDRA) is calculated based on the number of PRBs of the active UL BWP for RIV given by 
.
From this calculation method, it is derived to 13bits and 11 bits of 15kHz SCS and 30kHz SCS, respectively. Based on our analysis in Section 2.3.1 in this contribution, the contiguous PRB mapping for PUSCH might be required. Therefore, we propose that the contiguous PRB mapping for frequency domain resource allocation of PUSCH should be supported in NR-U. One issue to adopt the contiguous PRB mapping is that, the number of FDRA bits gets larger if the UL BWP consists of more than one subband.

Proposal 8: The contiguous PRB mapping for frequency domain resource allocation of PUSCH should be supported in NR-U.

3.1.2. Interlace transmission
Together with contiguous PRB transmission, NR-U also supports interlace transmission for PUSCH. The remaining issue is how to select the index of interlaces. Mainly, two selection methods have been discussed throughout previous RAN1 meetings; RIV and bitmap manner. 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 and 4 bits for 15kHz and 30kHz SCS, respectively. 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, 5bits for 15kHz and 30kHz SCS, respectively. The bitmap mapping has a merit of scheduling flexibility. For the comparison RIV and bitmap, the DCI overhead of RIV is less than that of bitmap while the scheduling flexibility for bitmap outperforms that of RIV. For the consideration the fact that 30kHz SCS is mainly used in NR-U, and 1 bit overhead difference can be sacrificed as a trade-off for the full scheduling flexibility. Therefore, we propose that the bitmap manner should be used in frequency domain resource allocation, and the bit size is same as the number of interlaces M for each SCS (i.e., 10 bits for 15kHz, 5 bits for 30kHz and 2 (or 3) bits for 60kHz).

Proposal 9: The bitmap manner should be used in frequency domain resource allocation, and the bit size is same as the number of interlaces M for each SCS (i.e., 10 bits for 15kHz, 5 bits for 30kHz and 2 (or 3) bits for 60kHz).

[bookmark: OLE_LINK1]Since interlace is continuously configured within whole BWP, once the interlace index is selected 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. Similar to FDRA, the indication method can be considered as RIV-like method and bitmap. Since up to 5 subbands can be configured in a BWP, RIV-like method requires 4 bits in DCI format from the above equation by replacing  with the number of subbands. On the other hand, the bitmap requires 5 bits which is one-to-one mapping with each subband. To our best knowledges, it is difficult to design the filter for the discontinuous subbands. From this perspective, RIV-like method is a reasonable choice for subband indication.

Proposal 10: The set of LBT subbands used in PUSCH transmission should be indicated by gNB.

4. PRB-based interlace design for 60kHz SCS
In RAN1 #96 meeting [2], there was an agreement that no sub-PRB based interlace is supported for 60 kHz SCS. In the meantime, the PRB-based interlace design for 60kHz is still discussing whether or not interlace is supported, and how many interlace is required if supported. Table 2 shows the candidates of interlace patterns and availability at 20MHz BW for 60kHz SCS. We see that only M=2 case is satisfied with minimum occupied channel bandwidth (OCB). From this reason, we proposed that the PRB-based interlace design for 60kHz SCS should be supported with M=2 and N=12 (or N=13 if 26PRBs are allowed) for 20MHz BW.

Table 2. Candidates of interlace patterns and availability at 20MHz bandwidth
	SCS
	Candidate interlace patterns
	Occupied Bandwidth
	Availability at 20MHz Bandwidth

	
	Number of interlaces
(M)
	Number of PRBs per an interlace
(N)
	((N-1)*M+1)*12*SCS
	

	60KHz
(24 PRBs)
	4
	6
	15.12 MHz
	75.6 %
	No

	
	3
	8
	15.84 MHz
	79.2 %
	No

	
	2
	12
	16.56 MHz
	82.8 %
	Yes

	60KHz 
(26 PRBs)
	4
	6 or 7
	15.12 MHz
	75.6 %
	No

	
	3
	8 or 9
	15.84 MHz
	79.2 %
	No

	
	2
	13
	18.00 MHz
	90.0 %
	Yes



Proposal 11: The PRB-based interlace design for 60kHz SCS should be supported with M=2 and N=12.

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

Proposal 1: Support phase rotation across PRBs to reduce PAPR for the enhanced PUCCH format 0/1.

Observation 1: The UE multiplexing method for PUCCH format 0/1 used in Rel-15 can be reused in NR-U.

Proposal 2: The enhanced NR-U PUCCH format 2 should support frequency and time domain OCC.

Proposal 3: The enhanced NR-U PUCCH format 3 should support frequency and time domain OCC for data, and time domain OCC and multiple initial cyclic shift values for DMRS.

Observation 2: The transmission structure of uplink channels is same at least on the overlapped symbols in a subband.

Proposal 4: PUSCH with contiguous allocation in the gNB COT is supported for NR-U.

Proposal 5: The PUCCH with interlace allocation for more than 2 bits HARQ-ACK information in the gNB COT should be supported in NR-U.

Proposal 6: For PUCCH transmission for more than 2 bits HARQ-ACK information in the gNB COT, dynamic switching between interlace allocation and contiguous allocation should be supported.

Observation 3: The PUCCH resource configurations need to be modified to support new features such as interlace, OCC based UE multiplexing, etc.

Proposal 7: Increase the number of PUCCH resource candidates per PUCCH transmission instance for the higher scheduling flexibility of PUCCH.

Proposal 8: The contiguous PRB mapping for frequency domain resource allocation of PUSCH should be supported in NR-U.

Proposal 9: The bitmap manner should be used in frequency domain resource allocation, and the bit size is same as the number of interlaces M for each SCS (i.e., 10 bits for 15kHz, 5 bits for 30kHz and 2 (or 3) bits for 60kHz).

Proposal 10: The set of LBT subbands used in PUSCH transmission should be indicated by gNB.

Proposal 11: The PRB-based interlace design for 60kHz SCS should be supported with M=2 and N=12.
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