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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#90-e. Before that 3GPP  carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz, reported in [2]. This contribution deals with the following objective of the WID:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
Discussion
In TR38.808 [2], it was captured that:
It is recommended to further investigate potential enhancements to PUCCH to enable higher transmission power when regulatory limits apply. Majority of the sources have identified PUCCH format 0, 1, and 4 as potential candidates for enhancement. Two sources have identified all PUCCH formats as potential candidates for enhancement.
The enhancement for PUCCH formats 0/1/4 are needed due to the regulatory limits for maximum PSD on the 60 GHz unlicensed band. For example, PSD limit of 23 dBm/MHz is required in Europe while significantly lower limit of 13 dBm/MHz is required in Korea. The maximum EIRP values for 1 RB allocation is tabulated in Table 1 for different SCS values with 23 dBm/MHz and 13 dBm/MHz PSD limits. As can be seen, the maximum allowed EIRP should be increased by allocating more RBs for PUCCH, especially in the case of 120 kHz SCS that is used e.g. on the initial BWP. 
Table 1. Maximum EIRP for 1 RB allocation for 23 dBm/MHz and 13 dBm/MHz PSD limits
	SCS (kHz)
	PUCCH BW (MHz)
	Max EIRP with PSD limit of 23 dBm/MHz (dBm)
	Max EIRP with PSD limit of 13 dBm/MHz (dBm)

	120
	 1.4
	 24.6
	 14.6  

	480
	 5.8
	 30.6
	 20.6

	960
	 11.5
	33.6
	 23.6



[bookmark: _GoBack]The number of used RBs can be controlled by configuration for PUCCH formats 2 and 3 and by allocation for PUSCH. However, Rel. 15 PUCCH formats 0,1, and 4 are limited to 1 RB allocation. In Rel. 16, interlaced allocation of multiple RBs was introduced for 15 kHz and 30 kHz SCS. However, interlaced allocation is not modified further in Rel. 17 to support SCS values to be used on the 60 GHz band. There is no point to enhance PUCCH formats 0, 1, and 4 with interlaced allocation as interlaced allocation is not used otherwise on 60 GHz band. Hence, the number of supported RBs should be increased for PUCCH formats 0, 1 and 4 with contiguous multi-RB allocation.   
[bookmark: _Hlk53744485][bookmark: _Hlk47678750]Observation 1: There is need to enhance PUCCH Format 0, 1 and 4 transmissions to achieve higher transmit power when PSD limits apply, especially in the case of 120 kHz SCS.
Proposal 1: Support contiguous multi-RB allocation for PUCCH formats 0, 1 and 4. 
The number of RBs that are needed for the enhanced PUCCH depend on a number of factors:
· PSD limit applied on the region.
· Subcarrier spacing. When PSD limit constrains the transmitted EIRP, there can be up to 9 dB EIRP difference between 120 kHz and 960 kHz SCSs.
· Targeted EIRP. This depends e.g. on expected pathloss, UCI payload size (with PUCCH format 4), and UE power class (in case of dedicated resources).
These aspects can be easily taken into account when configuring the dedicated PUCCH-ResourceSet in PUCCH-Config for the UE. However, more attention is needed when UE uses a common PUCCH resource set provided by the pucch-ResourceCommon as an index to a row of Table 9.2.1-1 in TS38.213. The table is copied below for convenience. In Rel-16, the common PUCCH resource sets were enhanced to support interlaced allocation. This was achieved by introducing interlaced PUCCH specific interpretation of the Table 9.2.1-1.
Table 2. Copy of TS38.213 Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	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}


When designing the multi-RB allocation for common PUCCH resource sets on 60 GHz band, it should be targeted that gNB maintains control of the number of RBs allocated for PUCCH format 0/1. The number of RBs needed for PUCCH format 0/1 in the common PUCCH resource set varies as function of cell range and PSD limit. It depends also on the SCS, but the SCS of the initial BWP may be restricted to 120 kHz only. The gNB control on the RB allocation can be easily achieved, e.g., as:
· The number of allocated RBs depends on the Table 9.2.1-1 row index used. Some indexes mean 1 RB allocation, while other indexes indicate allocation of 2 RB, 4 RB, etc. 
· RB allocation is indicated separately in the pucch-ResourceCommon. 
The number of required RBs are quite different for e.g. PSD limits of 23 dBm/MHz and 13 dBm/MHz. This would mean quite large range of RB allocations to be signaled via Table 9.2.1-1. On other hand, UE may know the PSD limit based on the region. UE may apply additional scaling on the RB allocations provided by the Table 9.2.1-1 based on the PSD limit. This way the number of RB allocations explicitly indicated by the Table 9.2.1-1 can be reduced. 
Proposal 2: PUCCH resource sets provided by the pucch-ResourceCommon are enchanced to support several allocation options for the number of RBs. 
PUCCH format specific enhancements
On PUCCH format 0, the transmitted cyclic shift of a base sequence is selected based on the information content transmitted. In other words, signalling is done via sequence selection. Rel-16 NR PUCCH format 0 uses type 1 low-PAPR sequences of length . 
On PUCCH format 1, UE specific cyclic shift of a base sequence is multiplied with QPSK or BSPK symbol modulated with the transmitted bits. The modulated sequence is further block-wise spread with an orthogonal sequence, providing a further dimension for UE multiplexing. Roughly half of the symbols are reserved for DMRS enabling coherent demodulation.  
There are two alternatives for extending the PUCCH format 0 and format 1 to cover multiple contiguous RBs that utilize existing NR design:
· Type 1 low-PAPR sequences of length  are used, where m is the number of allocated RBs. 
· Rel-16 NR-U interlaced PUCCH format 0 / format 1 design is applied also for contiguous allocation. In other words, the length-12 sequence is repeated for each RB with the cyclic shift , where  is a RB dependent component. 
Proposal 3: Contiguous multi-RB allocation is supported for PUCCH format 0 and format 1 by using type 1 low-PAPR sequences either of length or of length  repeated for each RB with a RB dependent cyclic shift component.     
On PUCCH format 4, QPSK or π/2-BSPK symbols modulated with the transmitted bits are block-wise spread within each DFT-S-OFDM symbol. In Rel-16, the same intra-symbol block-wise spreading is supported for interlaced PUCCH format 3 when single interlace is allocated. Correspondingly, we propose that PUCCH format 4 applies the same intra-symbol block-wise spreading also when multiple contiguous RBs are allocated. 
Proposal 4: PUCCH format 4 applies the same intra-symbol block-wise spreading also when allocated with multiple contiguous RBs.
Conclusion
In this contribution, we considered the enhancement for PUCCH formats 0/1/4 to increase the number of RBs to mitigate the impact of PSD limitation on 60 GHz unlicensed band. We made following observations and proposals: 
Observation 1: There is need to enhance PUCCH Format 0, 1 and 4 transmissions to achieve higher transmit power when PSD limits apply, especially in the case of 120 kHz SCS.
Proposal 1: Support contiguous multi-RB allocation for PUCCH formats 0, 1 and 4. 
Proposal 2: PUCCH resource sets provided by the pucch-ResourceCommon are enchanced to support several allocation options for the number of RBs. 
Proposal 3: Contiguous multi-RB allocation is supported for PUCCH format 0 and format 1 by using type 1 low-PAPR sequences either of length or of length  repeated for each RB with a RB dependent cyclic shift component.  
Proposal 4: PUCCH format 4 applies the same intra-symbol block-wise spreading also when allocated with multiple contiguous RBs.
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