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1. Introduction
At RAN#90-e meeting, an updated work item description [1] on supporting NR from 52.6 GHz to 71 GHz was approved, which include the following objective: 
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120 kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
...
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
…



In this contribution, we discuss on PUCCH resource allocation under PSD limitation to support NR from 52.6 GHz to 71 GHz.
2. Discussion
2.1. Frequency domain resource mapping
2.1.1. Maximum number of RBs for PUCCH format 0/1/4
Using the agreed assumption of UE power limitations shown in Table 1, the required numbers of RBs for each region were evaluated and the following numbers of RBs are agreed for each SCS at RAN1#104bis-e meeting. However, as described as FFS in the agreement, whether or not to support larger number of RBs than the agreed values considering larger UE EIRP and conducted power limitations considering e.g., different UE power classes has also been discussed and RAN1 sent an LS to RAN4 asking for feasible maximum values for UE EIRP and UE conducted power for operation in 52.6-71 GHz.
	Agreement:
· The maximum values for the configured number of RBs, NRB, for enhanced PF0/1/4 are at least:
· 12 RBs for 120 kHz SCS
· 3 RBs for 480 kHz SCS
· 2 RBs for 960 kHz SCS
FFS: Whether or not the above values need to be revised to support larger values (and any associated signaling impact), e.g., to support lower UE Tx beamforming gain and/or larger UE EIRP and conducted power limitations for different UE power classes, different from those in the agreed evaluation assumptions

Agreement:
For addressing the FFS from the prior agreement in RAN1#104bis-e on the maximum values for the configured number RBs, send an LS to RAN4 asking for feasible maximum values for UE_EIRP and UE_P for operation in 52.6-71 GHz.



[bookmark: _Ref68162601][bookmark: _Ref68162671]Table 1: UE power limitations
	UE Power Limitations
	Maximum EIRP:
UE_EIRP = 25 dBm

Maximum conduced power (prior to consideration of backoff):
UE_P = 21 dBm
 
Optional:
- UE_EIRP = 40dBm
- UE_P = 21 dBm

Note: Companies to report if other cases evaluated



In this e-meeting, RAN1 has received a corresponding reply LS from RAN4 [2], where no clear answer on the exact values of max. UE EIRP and UE conducted power in 52.6 – 71 GHz except for the description “RAN4 can confirm that the current regulatory limits, i.e. max EIRP and max TRP, are higher than the above values”. Taking a look at 38.101-2 [3], maximum TRP and EIRP for PC1 is much larger than the other power classes. While the exact values are under RAN4 discussion as indicated in the LS, we assume similar trend can be defined. As PC1 device can be deployed more in 52.6 – 71 GHz, it could be worth considering in this discussion. Hence the agreed values of maximum UE EIRP and UE conducted power, which seems considering PC3 basically, may not be large enough considering PC1 UE. Actually, the values included in RAN1’s evaluation assumption is smaller than any maximum value for any power class. Thus, RAN1 should consider the higher evaluation assumptions of maximum UE conducted power/ UE EIRP than the ones RAN1 agreed. 

Proposal 1: For the evaluation assumption of enhanced PUCCH format 0/1/4, larger maximum UE conducted power/EIRP should be considered as additional assumption in RAN1.

If the required numbers of RBs are evaluated assuming power classes like power class 2-5 for FR2 specification, one candidate value set for the additional assumption of {max. UE conducted power, max. UE EIRP, Tx antenna gain} can be {25dBm, 40dBm, 0dBi} which was suggested as the additional assumption at RAN1#104bis-e meeting. We calculate the required number of RBs to achieve maximum allowed power for each region using the value set. The regulatory power limitations of US, Europe and South Korea are shown in appendix A and cubic metricis calculated for each number of RB(s). Base sequence is constructed based on Alt.1 i.e., a single sequence of length equal to the total number of mapped REs of the PUCCH resource.
The numbers of RBs for each region have been calculated as follows:
· For 120 kHz SCS, 30RB in US, 1RB in Europe and 12RB in South Korea
· For 480 kHz SCS, 8RB in US, 1RB in Europe and 3RB in South Korea
· For 960 kHz SCS, 4RB in US, 1RB in Europe and 2RB in South Korea
Moreover, if the required numbers of RBs are evaluated including power class 1 defined in FR2 specification, the numbers of RBs for each region have been calculated as follows:
· For 120 kHz SCS, more than 40RB for all regions
· For 480 kHz SCS, 18RB in US, 11RB in Europe and more than 40RB in South Korea
· For 960 kHz SCS, 9RB in US, 6RB in Europe and more than 40RB in South Korea

As can be seen above, it was observed that if power class 1 defined in FR2 specification is considered, 40 or more RBs may be required to achieve maximum transmission power, which is at least 10 RBs larger than the case where only power class 2-5 are considered.  

Observation 1: Depending on whether to consider the PC1-like UE, there is a difference of more than 10 RBs compared to the case only power class 2-5 are considered.

2.1.2. Indication and granularity of number of RBs
In Rel-15 and 16, the frequency domain resources for dedicated PUCCH resources are indicated via RRC signaling, i.e., via startingPRB field of PUCCH-Resource and nrofPRBs field of PUCCH-format2/3 in PUCCH-Config IE. For the number of RBs for PUCCH format 0/1/4 with multi-PRB allocation, the same way should be reused. 
The granularity of available RBs up to the maximum value has been discussed at the previous meeting. The required number of RBs to transmit at maximum conducted power can be different depending on the region and the UE power class, hence the number of RBs should be configurable for each region/UE. To address this, all integer values for PUCCH format 0/1 and all integer values that fulfill the requirement  where  is a set of non-negative integers for PUCCH format 4 should be supported as well as PUCCH format 2/3.

Proposal 2: For the dedicated PUCCH resources, the number of RBs for PUCCH format 0/1/4 should be indicated via UE dedicated RRC signaling.
Proposal 3: All integer values for PUCCH format 0/1 and all integer values that fulfill the requirement  where  is a set of non-negative integers for PUCCH format 4 (Alt-1 in RAN1#104bis-e agreement) should be supported.

2.1.3. Sub-PRB interlaced mapping for 120 kHz SCS
At RAN1#105-e meeting, the followings have been agreed for the discussion of RE mapping for 120 kHz SCS.
	Agreement:
· For 120 kHz SCS:
· Support at least Alt-1 for enhanced PF0/1 for both PUCCH resources before and after dedicated PUCCH resource configuration
· FFS: Whether or not Alt-2 is additionally supported for PF0/1 for either or both of the following:
· PUCCH resources before dedicated PUCCH resource configuration
· PUCCH resources after dedicated PUCCH resource configuration
· FFS: Supported RE mapping scheme(s) amongst {Alt-1, Alt-2} for enhanced PF4 including design details
· Notes:
· Alt-1 = all REs within each RB are mapped
· Alt-2 = a subset of REs within each RB are mapped (sub-PRB interlaced mapping)
· Which RE mapping scheme(s) to support for PF0/1/4 to be concluded in RAN1#106
· Note: No further enhancements on RB shortage issue and frequency hopping distance issue should be considered for PUCCH resource sets prior to RRC configuration.



At the previous meeting, it has been already agreed that PRB and sub-PRB interlaced mapping are not supported for 480 kHz and 960 kHz SCS. Moreover, for PUCCH format 2 and 3, the contiguous mapping is supported even for 120 kHz SCS in 52.6-71 GHz band operation.
At RAN1#105-e meeting, it was suggested that performance of sub-PRB interlaced mapping with user multiplexing scenario is better than that of contiguous mapping. However, we believe that the required user multiplexing capacity is not expected to be very highin 52.6-71 GHz band operation. Thus, we do not think sub-PRB interlaced mappingshould be considered.
Based on the above, Alt-1 should be supported for enhanced PF0/1/4 for both PUCCH resources before and after dedicated PUCCH resource configuration.

Proposal 4: Alt-1 should be supported for enhanced PF0/1/4 for both PUCCH resources before and after dedicated PUCCH resource configuration.

2.2. Base sequence design for PUCCH format 0/1 with multi-RBs
The followings agreement was made at RAN1#104-e meeting and it has been discussed to down-select to Alt.1 or Alt.2.
	Agreement:
· For enhanced PF0/1, support Type-1 low PAPR sequences. Further study and strive to select one of the following alternatives:
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
· At least the following aspects should be considered in the study
· Coverage (maximum isotropic loss (MIL)), including
· Required SNR to fulfil PUCCH detection criterion
· PAPR/CM as a function of N_RB
· Specification impact



At the discussion in RAN1#105-e meeting, the observations from each company are summarised as follows:
· Specification impact, detection performances: no big difference between Alt.1 and Alt.2.
· MIL performance: Alt.1 provides improved coverage vs. Alt-2 for 480/960 kHz SCS in all regions.
· User multiplexing: Alt.2 provides improved multiplexing performance with misaligned RB allocations, where “misaligned” also includes users with different number of RBs. However, it was agreed that user-multiplexing can be considered but as lower priority compared to maximum isotropic loss for PUCCH as a design criterion.
According to the summary, the discussion to down-select one alternative from Alt.1 and Alt.2 is based on the consideration of MIL performance (coverage) and user multiplexing performance. As described above, we consider that the MIL performance is more important for 52.6-72 GHz band operation than user multiplexing performance to decide the sequence design since the user multiplexing is not highly expected.

Proposal 5: Alt.1 (a single sequence of length equal to the total number of mapped REs of the PUCCH resource) should be supported for enhanced PUCCH format 0/1.
2.3. Rate matching mechanism for enhanced PF4
At RAN1#105-e meeting, the CSI payloads upper limit and rate matching mechanism for PUCCH format 4 was discussed considering the following agreement.
	Agreement:
· The configured number of RBs for enhanced PF 0/1/4 is denoted NRB
· …
· For PF4:
· The actual number of RBs used for a PUCCH transmission is equal to NRB, i.e., the actual number of RBs does not vary dynamically based on PUCCH payload
· NRB fulfils the following:  where  is a set of non-negative integers
· …



In the current specification, the CSI payload upper limit is defined as 115 bits for PUCCH format 4. This value was specified assuming single-PRB allocation of PUCCH format 4, therefore, the limit can be changed or removed for multi-PRB allocation. If the limit is changed, the data rate for CSI transmission using PUCCH format 4 can be improved. On the other hand, if the limit is stable even for multi-PRB allocation, the coding rate can be decrease and coverage and/or reliability can be improved. We think that the possibility of coverage improvement should be prioritized compared to data rate enhancement. Thus, for PUCCH format 4, our preference is that the same CSI payloads upper limit as in Rel-15/16 should be supported for multi-PRB allocation.
In Rel-16 NR-U, the rate matching to the fixed number of RBs (10/11 RBs) is supported for PUCCH format 3 interlaced mapping. This mechanism can be reused for PUCCH format 4 with multi-PRB allocation. 

Proposal 6: The same CSI payloads upper limit as in Rel-15/16 should be supported for PUCCH format 4with multi-PRB allocation. 
Proposal 7: Similar rate matching mechanism to NR-U PF3 interlaced mapping with 10/11 RBs, i.e., rate matching to the configured number of RBs, should be supported.

2.4. PUCCH resource sets before dedicated PUCCH configuration
2.4.1. The maximum number of RBs
In the current specification, for the PUCCH resource sets before dedicated PUCCH resource configuration, the cell-specific PUCCH resource set is provided by the table 2 and one row index of the table is indicated by 4 bits from remaining minimum system information (RMSI). This table specifies a PUCCH format, common PRB offset, a first symbol, a duration and cyclic shift index. In the cell-specific PUCCH resource set, the UE specific PUCCH resource (UE-specific PRB offset, frequency hopping direction and initial cyclic sift index) is indicated via 3 bits from DCI and 1 bit from CCE index.
The frequency domain resource configuration of the resource sets before dedicated PUCCH configuration is specified assuming one PRB allocation for PUCCH format 0/1. Thus, if multi-PRB allocation is supported for the PUCCH resource sets, at least cell-specific and UE-specific PRB offsets should be revisited for multi-PRB allocation
 
[bookmark: _Hlk79146687]Proposal 8: For the PUCCH resource table for initial PUCCH resource, at least cell-specific and UE-specific PRB offsets should be revisited for multi-PRB allocation.

If the same PUCCH resource allocation as current specification is supported for multi-PRB allocation for the PUCCH resources, the maximum number of RBs within the minimum channel bandwidth for each SCS can be as follows:
· For 120 kHz SCS, 5 RBs (min. CBW = 100 MHz)
· For 480 kHz SCS, 5 RBs (min. CBW = 400 MHz)
· For 960 kHz SCS, 2 RBs (min. CBW = 400 MHz)
According to this analysis, maximum number of RBs to be specified for 120 kHz SCS (i.e., 12 RBs) is too large to reuse the existing design. Thus, the maximum number of RBs for PUCCH resource sets before dedicated PUCCH may need to be different. It should be discussed by considering minimum CBW, transmission power gain for each number of RBs under the regulations and FDM capacity.

Proposal 9: The maximum number of RBs for PUCCH resource sets before dedicated PUCCH configuration should be specified considering minimum. CBW, transmission power gain for each number of RBs under the regulations and FDM capacity.

Meanwhile, when we try to support more PRBs than the identified values above for PUCCH transmission before dedicated PUCCH configuration, some further enhancements would be required. For example, in the current specification, frequency hopping is supported for the PUCCH resources. However, if more PRBS are assigned for PUCCH transmission, frequency hopping may not be possible within a CBW. To deal with the issue, no frequency hopping for PUCCH transmission before dedicated PUCCH configuration may need to be considered. While it loses frequency diversity gain, larger bandwidth can be allocated for each PUCCH resources and can transmit with higher power by using larger number of RBs. Also, as another example, index 12, 13 and 14 in Table 9.2.1-1 in 38.213 (shown in table 2) are not overlapping each other. However, in case that more PRBs are configured for PUCCH format 0 and 1, these indexes configure partially overlapped resources. Other multiplexing approach, e.g., with different cyclic shift index, may need to be considered. By considering such approaches, the maximum number of RBs for PUCCH resource sets before dedicated PUCCH configuration can be larger than the ones identified above.

Proposal 10: For the PUCCH resource sets before dedicated PUCCH configuration, the following enhancement can be considered to transmit with larger band width.
· The cell-specific resources can be overlapped.
· Frequency hopping can be not supported for 60 GHz unlicensed band operation.

[image: ]
Figure 1. Example for no frequency hopping for PUCCH resource set index 12, 13 and 14 before dedicated PUCCH configuration.
[image: ]
Figure 2. Example for multiplexing with different cyclic shift index for PUCCH resource set index 12, 13 and 14 before dedicated PUCCH configuration.

Table 2: PUCCH resource sets before dedicated PUCCH resource configuration (table 9.2.1-1 from TS 38.213)
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}



2.4.2. Indication of number of RBs
The required number of RBs to achieve maximum allowed transmission power may vary depending on the regulatory for each region, so it is desirable to be configurable for each cell. At RAN1#105-e meeting, UE-specific indication was suggested to improve the spectrum efficiency since the required number of RBs are vary considering the different UE types or geometries around UEs, however, such indication may cause the complexity of the frequency domain resource configuration. Therefore, considering the balance between the configuration flexibility and spectrum efficiency, the number of RBs should be indicated via SIB1 cell specifically.

Proposal 11: For the PUCCH resource sets before dedicated PUCCH resource configuration, the cell-specific number of RBs for PUCCH format 0/1 before dedicated PUCCH configuration should be indicated by SIB1.

3. Conclusion
In this contribution, we evaluated and discussed the base sequence design and the number of RB(s) for enhanced PUCCH format 0/1/4 to support NR from 52.6 GHz to 71 GHz. Based on the evaluation results and discussion above, we derived following observations and proposals.

Observation 1: Depending on whether to consider the PC1-like UE, there is a difference of more than 10 RBs compared to the case only power class 2-5 are considered.

Proposal 1: For the evaluation assumption of enhanced PUCCH format 0/1/4, larger maximum UE conducted power/EIRP should be considered as additional assumption in RAN1.
Proposal 2: For the dedicated PUCCH resources, the number of RBs for PUCCH format 0/1/4 should be indicated via UE dedicated RRC signaling.
Proposal 3: All integer values for PUCCH format 0/1 and all integer values that fulfill the requirement  where  is a set of non-negative integers for PUCCH format 4 (Alt-1 in RAN1#104bis-e agreement) should be supported.
Proposal 4: Alt-1 should be supported for enhanced PF0/1/4 for both PUCCH resources before and after dedicated PUCCH resource configuration.
Proposal 5: Alt.1 (a single sequence of length equal to the total number of mapped REs of the PUCCH resource) should be supported for enhanced PUCCH format 0/1.
Proposal 6: The same CSI payloads upper limit as in Rel-15/16 should be supported for PUCCH format 4with multi-PRB allocation. 
Proposal 7: Similar rate matching mechanism to NR-U PF3 interlaced mapping with 10/11 RBs, i.e., rate matching to the configured number of RBs, should be supported.
Proposal 8: For the PUCCH resource table for initial PUCCH resource, at least cell-specific and UE-specific PRB offsets should be revisited for multi-PRB allocation.
Proposal 9: The maximum number of RBs for PUCCH resource sets before dedicated PUCCH configuration should be specified considering minimum. CBW, transmission power gain for each number of RBs under the regulations and FDM capacity.
Proposal 10: For the PUCCH resource sets before dedicated PUCCH configuration, the following enhancement can be considered to transmit with larger band width.
· The cell-specific resources can be overlapped.
· Frequency hopping can be not supported for 60 GHz unlicensed band operation.
Proposal 11: For the PUCCH resource sets before dedicated PUCCH resource configuration, the cell-specific number of RBs for PUCCH format 0/1 before dedicated PUCCH configuration should be indicated by SIB1.
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Appendix  A: Regulatory power limitations by region
Table 3: Regulatory power limitations of US, Europe and South Korea
	Region
	Maximum Conducted Power, Pmax (dBm)

	US
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm - TxBF

Conducted power limit as a function of PUCCH BW per hop:
     Pmax_P = 27 dBm – max(0, 10*log10(100 / BW))

Combined limit:
     Pmax = min(Pmax_P, Pmax_EIRP)

	Europe
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 23 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	South Korea
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 43 dBm – TxBF

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	Note: BW is the PUCCH bandwidth per hop in MHz
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