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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 #86bis meeting [1], it was agreed that the timing relationship between DL data reception and corresponding acknowledgement can be indicated based on higher layer or physical layer signalling. It was agreed that the PUCCH is placed at the ending symbol(s) of the slot. Other locations of the PUCCH are also possible. In the companion contribution [2] benefits are shown to allocate the PUCCH in the beginning of an UL transmission field in a slot.
It was further agreed that a PRB (or multiple PRBs) is the minimum resource unit size for the UL control channel in the frequency-domain.
At the RAN1 #87 meeting [3], it was agreed that in order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS).
Based on the existing agreements, further discussions about the HARQ ACK for PUCCH are made in this contribution. More specifically, it is discussed how to determine the PUCCH resources for HARQ ACK in the frequency domain.
2. PUCCH resource
2.1. Analysis and Simulation for short PUCCH performance
In NR, the PUCCH is divided into a long and short format. The short PUCCH contains only one OFDM symbol. In 3GPP there is a consensus about that compared to the LTE-PUCCH, the performance of the short PUCCH in NR is decreased. That is due to the small number of symbols and that no frequency hopping is employed. Therefore, it should be studied further how to improve the performance of the short PUCCH.
In LTE, the PUCCH resources are pre-allocated and placed at both ends in the frequency domain. Although the LTE-PUCCH does not make full use of the channel quality information, the application of more OFDM symbols can guarantee the performance requirements. In the NR, in order to achieve a better performance of the short PUCCH, it should be studied how to utilize channel quality information for the PRB selection of the PUCCH transmission. 
A system simulation result is provided as a preliminary proof that a significant gain can be obtained for a short PUCCH when utilizing the channel quality. The system simulation results have taken into account the impact of neighbouring cell interference, scheduling algorithms and CQI effectiveness (CQI measurement is in subframe n and CQI measurement result is used in subframe n+6). More detailed parameters are provided in the appendix.
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Fig.1 – CDF for SINR of two PUCCH transmission schemes 
In Fig.1, two PUCCH SINR curves are provided. One is for a reference case and the other is for an improved mechanism, which is introduced as method3 in section 2.2 below. The reference case always uses randomly assigned PRBs for the short PUCCH transmission, no channel quality information is considered. Method 3, on the other hand, takes advantage of the channel quality when selecting suitable PRBs. A SINR gain between 3.5-5 dB compared to the reference case can be observed.
Proposal 1: In NR, in order to enhance the performance of the short PUCCH, it should be studied how to use the PRB(s) with a good channel quality for PUCCH transmission. 
2.2. Dynamic indication of PUCCH resource in frequency domain
Obviously, the channel conditions for different UEs will be different. It should be studied how every UE could use the PRBs which the best channel conditions for its PUCCH transmission. Since the channel conditions change rather quickly, a dynamical scheme should be developed. In the following, 3 possible methods are presented and analysed.  
· Method 1, the LTE mechanism can be considered for the NR PUCCH. The PUCCH PRB resource of the UE is derived from the CCE with the smallest DCI index.
· Method 2, the PUCCH PRB resource of the UE can be deduced from the PRB with the smallest index of the PDSCH PRB(s) allocated to the UE.
· Method 3, the PUCCH PRB resource of the UE can be deduced from the PRB with the smallest index of the PUSCH PRB(s) allocated to the UE (in case there is a PUSCH scheduled in the slot).
· Note: For Method 3, if the UE does not have a PUSCH scheduled in that slot, the UE's PUCCH PRB can be determined according to Method 1 or Method 2.


An analysis is presented for the three ways described above.
In Method 2 (for TDD) and Method 3 (for TDD and FDD), the results of the channel quality measurements can be applied to the PUCCH to improve the performance. The PRBs used to transmit the PDSCH or PUSCH are always assigned to the UE according to the channel conditions. Thus, when these PRBs are used to transmit the PDSCH/PUSCH, their performance is ensured: 
· In a DL heavy slot (e.g., a self-contained structure) and when Tx/Rx reciprocity is available, then the PUCCH is transmitted in the frequency domain by using the same PRBs that also are used by the PDSCH in that slot. By doing so, also the PUCCH transmission performance will be improved. 
· In an UL slot, when the UE transmits PUSCH, the PUCCH should be transmitted by using the same PRB as the PUSCH. Then, the PUCCH transmission performance will also be improved, since the channel quality of the PRB for PUSCH transmission could also be optimal.
In Method 1, the multiplexing is basically for frequency diversity over the whole system bandwidth. The channel quality measurements cannot be applied to the PUCCH to improve performance. Thus, Method 2 and Method 3 are preferable for NR, considering they can fully use the channel measurement results to transmit PUCCH. 
Proposal 2: Dynamic determination of PUCCH frequency resource should be supported as a basic scheme to enable NR dynamic operation. The channel measurement result and the Tx/Rx reciprocity should be considered as factors for determining the transmission PRB(s) of the PUCCH at least for HARQ ACK.
Proposal 3: The PUCCH PRB resource of the UE can be deduced from the PRB having the smallest index in the PDSCH/PUSCH PRB allocated for the UE. It can be used as starting point to determine the PRB of the PUCCH for HARQ ACK. 
The exact derivation rules for Method 2 and Method 3 are FFS.
When the ACKs for a number of downlink slots are transmitted in the same slot, the dynamic PUCCH frequency resource may cause PUCCH PRB collisions of different UEs (e.g. when the minimum PRB index for PDSCHs/PUSCHs of multiple UEs is the same). 
Therefore, a complementary signalling indication needs to be introduced. For example by introducing an offset parameter, that describes the offset relative to the minimum index PRB. The offset can be notified by the TRP via the physical layer (e.g., UE-specific DCI) or higher layer signalling.
If the offset is used for selecting the PRB with the best channel measurement results of the PRBs that include PRBs allocated for UE transmission of PUSCH and PRBs allocated for UE transmission of PUCCH through higher layer signaling, the performance of method 2 and method 3 will be further improved.
Proposal 4: The resource of the PUCCH for HARQ ACK can be determined by additional explicit signalling to resolve possible collisions.
In addition, when there are several OFDM symbols in a slot allocated as PUCCHs, then the UE-specific DCI can be used to indicate the OFDM symbols where the UE specific PUCCH resources are located. The UE-specific DCI can also be used simultaneously to indicate the slot where the UE specific PUCCH resource is located.
3. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: In the NR, it should be studied how to use the PRB with a good channel quality for a UE to transmit PUCCH, in order to enhance the performance of short PUCCH.
Proposal 2: Dynamic determination of PUCCH frequency resource should be supported as a basic scheme to enable NR dynamic operation. The channel measurement result and the Tx/Rx reciprocity should be considered as factors for determining the transmission PRB of the PUCCH at least for HARQ ACK.
Proposal 3: The PUCCH PRB resource of the UE can be deduced from the PRB having the smallest index in the PDSCH/PUSCH PRB allocated for the UE. It can be used as starting point to determine the PRB of the PUCCH for HARQ ACK. 
Proposal 4: The resource of the PUCCH for HARQ ACK can be determined by additional explicit signalling to resolve possible collisions.
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5. 	Appendix
Table A System Simulation Parameters
	Parameters
	Assumption

	Deployment scenario
	Urban micro

	Link direction
	Uplink

	Carrier Frequency 
	2 GHz 

	system bandwidth
	10 MHz

	Layout
	Single layer:
- Hex. Grid

	ISD
	200m

	BS antenna elements 
	2 Rx antenna elements

	UE antenna elements 
	1 Tx antenna element

	Number of Users per cell 
	10 users 

	Traffic model
	Full buffer traffic 

	Scheduler algorithm
	PF

	Scheduling unit
	Subframe (1ms)

	CQI effectiveness
	The CQI measurement is in subframe n and the CQI measurement result is used in subframe n + 6.
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