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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 AH_NR and 88 meetings, the following was agreed [1]:
	Agreements (updating RAN1 #87 agreements):
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signalling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot


 
	Agreements:
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1  – at least a few tens of bits (or SR) is assumed. to
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration



	Agreements:
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.
· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.
· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE
· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling
· This does not preclude implicit resource mapping



Based on the existing agreements, further considerations about the PUCCH are made in this contribution. More specifically, it is discussed how to determine the PUCCH resources.
2. PUCCH resources
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 due to the lower number of symbols being used and due to that no frequency hopping is employed. These drawback should be mitigated and it should be studied how to improve the performance of the short PUCCH in NR.
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 an indication that a significant gain can be obtained for a short PUCCH when utilizing the channel quality. The system simulations 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.
[image: ]
Figure 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 at least for PUCCH with ACK/NACK. 
Obviously, in an uplink slot, the UE might simultaneously transmit the PUCCH and the PUSCH, or the UE only transmits the PUCCH. Therefore, when discussing PUCCH frequency-domain resource allocation, it should be considered whether or not the UE simultaneously transmits PUSCH.
2.2. PUCCH resource in frequency domain
It has been agreed that the payload of the short PUCCH is assumed to be in the range between 1 to at least a few tens of bits, and the payload of the long PUCCH can vary from 1 to at least a few hundreds of bits. A common feature of long PUCCH and short PUCCH is that they both have a wide payload range. 
Obviously, in order to meet this wide payload range, it is necessary to be able to allocate a flexible amount of resources. However, we expect that a uniform structure can be designed for the flexible resource allocation of both long and short PUCCH.
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Dynamic PUCCH resource allocation for UEs with simultaneous PUCCH and PUSCH
Based on the above analysis and simulation results, we recommend when a UE simultaneously transmits PUCCH and PUSCH, the PUCCH frequency resources should be allocated within the PUSCH resources. In this way, the PUCCH can be transmitted on resources that experience a good channel quality. Also, since the PUCCH and PUSCH are adjacent to each other, severe inter-modulation products and high PAPR can be alleviated.
In the following, some methods for the PUCCH frequency resource allocation are shown. They can be used at least for PUCCH carrying ACK / NACK.
The channel conditions for different UEs will be different. It should be studied how every UE could utilize the PRBs with the best channel conditions for its own PUCCH transmission. Since the radio channel varies 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, this method is illustrated in figure 2, 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.


Figure 2 - Example of allocating PUCCH frequency resources using channel quality
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(s) of the UE can be deduced from the PRB having the smallest index of the PDSCH/PUSCH PRBs allocated for the UE. It can be used as starting point to determine the PRB of the PUCCH. 
Semi-static + Dynamic PUCCH resource allocation for UEs with simultaneous PUCCH and PUSCH
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In LTE, a combination of a semi-static configuration and dynamic signalling is used to determine the PUCCH resource for ACK/NACK in the frequency domain. This is called the ARI (ACK/NACK Resource Indicator) mechanism. A similar concept could be envisioned for NR and is illustrated in Figure 3 below. A set containing four PUCCH candidate resources is configured through semi-static signalling, and then the specific PUCCH resources to be used are indicated via the physical layer DCI.  This ARI concept could also be used for transmitting PUCCH based on channel quality measurements, but the efficiency would be very low. Since four PUCCH candidate frequency resources are always pre-allocated through higher layer signalling, they cannot be adjusted in time to accurately track the change in channel quality.


Figure 3 - An LTE-like ARI mechanism
We recommend a new method to achieve semi-static + dynamic PUCCH frequency resource allocation, an enhanced ARI mechanism which can overcome the above mentioned drawbacks.
An example for the enhanced ARI mechanism is shown in Figure 4 below. In one slot, when a UE's PUSCH and PUCCH are to be transmitted simultaneously, then at least one PUCCH candidate resource of the UE is located within the frequency domain for the PUSCH/PDSCH. The other candidate PUCCH frequency resources are configured through higher layer signalling. It is assumed that in total 4 candidates for PUCCH resources are contained in a configured set for the UE in a semi-static state. The base station always configures 3 candidate PUCCH resources for the UE through higher layer signalling and implicitly assumes that 1 candidate PUCCH resource is located within the frequency domain of the PUSCH / PDSCH of the UE. Then, physical layer signalling is used to indicate the specific PUCCH resource to be used out of the set from the four PUCCH candidate resources.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]In most cases, the specific PUCCH resources of different UEs do not collide with each other when the PUCCH candidate resource within the UE’s PUSCH resources is used. However, for rare events that it will happen, the base station can indicate one of the other PUCCH candidate resources (e.g., outside the UE’s PUSCH resources) by physical signalling.


Figure 4 - Example for enhanced ARI mechanism
The enhanced ARI mechanism (dynamic + semi-static method) can promptly adjust at least one PUCCH candidate frequency resource to immediately follow the channel quality. Therefore, it can make full use of channel quality to transmit PUCCH.
In some well-known cases, the frequency resources of the PUSCH are allocated through the interference coordination between neighbouring cells. If the enhanced ARI mechanism is used, the specific PUCCH resources for the UE are dynamically adjusted to coincide with the PUSCH frequency resources, and then the interference of the other cells to the PUCCH can also be simultaneously reduced.
Obviously, dynamic frequency resource allocation and the enhanced ARI mechanism can be used simultaneously for long / short PUCCHs.
Proposal 4: 
Enhanced ARI mechanisms can be considered for PUCCH frequency resource allocation.
· In one slot, when a UE's PUSCH and PUCCH are to be transmitted simultaneously, at least one PUCCH candidate resource is located or implied within the frequency domain of the PUSCH/PDSCH of the UE, the other candidate PUCCH frequency resources are configured through higher layer signalling. 

PUCCH resource allocation for PUCCH-only UEs without PUSCH
For UEs without PUSCH, the PUCCH (regardless of long/short PUCCH) frequency resources should be concentrated on both sides of the system bandwidth (or on both sides of the uplink sub-band allocated to the UE), similar to LTE. In this way, the PUCCH transmission can obtain the frequency hopping gain.
For these UEs, it is sufficient to use only a semi-static PUCCH frequency resource allocation mechanism. For example, one PUCCH resource is configured as a PUCCH-only UE by higher layer signalling.
Additionally, for these UEs, an enhanced ARI mechanism or the above-mentioned existing ARI mechanism can also be used, if specific PUCCH frequency resources are indicated via the DCI for downlink grant.
2.3. PUCCH resource in time domain
In the following some time domain properties of the PUCCH are discussed. 
PUCCH time domain resource indication
In NR, it was agreed the downlink grant information and the corresponding downlink data may not be the same slot.
The slot where the PUCCH for a UE is located can be indicated in the downlink grant information with a signalled offset relatively to the slot where the downlink data was transmitted. An example is shown in figure 5. The downlink grant information is sent at slot n-k, and the downlink data is transmitted at slot n, and the HARQ ACK corresponding to the downlink data is transmitted at slot “n + offset”. The value of k and the offset are greater than or equal to zero. When k and the offset are equal to 0, it is the structure of a typical self-contained slot.
In slot “n + offset”, the specific symbols for PUCCH are also indicated in the downlink grant information from slot n-k.


Figure 5- Example for PUCCH time domain resource indication
TDM of short PUCCH 
As shown in figure 6, if short PUCCHs of different UEs are time-division multiplexed and when several PUCCH candidate frequency resources are configured, the base station should ensure that they are located on different symbols. It also would be advantageous to indicate the appropriate specific PUCCH (different symbols are used for different beam directions) symbol resources to the UE according to the beam direction requirements.


Figure 6 - Example for four PUCCH candidate frequency resources located at different symbols

Proposal 5: 
PUCCH time domain resource indication:
If the DCI for the downlink grant information is sent in slot n-k, and corresponding downlink data is transmitted in slot n, and the HARQ ACK corresponding to the downlink data is transmitted in slot n + offset. In slot n + offset, the specific symbols for PUCCH are also indicated in the downlink grant information from slot n-k, k can be zero.
If short PUCCHs of different UEs are time-division multiplexed and when several PUCCH candidate frequency resources are configured, the base station should configure several PUCCH candidate frequency resources on different symbols.

3. Conclusion
Based on the analysis given above, we have the following proposals:
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 at least for PUCCH with ACK/NACK. 
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(s) of the UE can be deduced from the PRB having the smallest index of the PDSCH/PUSCH PRBs allocated for the UE. It can be used as starting point to determine the PRB of the PUCCH. 
Proposal 4: 
Enhanced ARI mechanisms can be considered for PUCCH frequency resource allocation.
· In one slot, when a UE's PUSCH and PUCCH are to be transmitted simultaneously, at least one PUCCH candidate resource is located or implied within the frequency domain of the PUSCH/PDSCH of the UE, the other candidate PUCCH frequency resources are configured through higher layer signalling. 

Proposal 5: 
· PUCCH time domain resource indication:
· If the DCI for the downlink grant information is sent in slot n-k, and corresponding downlink data is transmitted in slot n, and the HARQ ACK corresponding to the downlink data is transmitted in slot n + offset. In slot n + offset, the specific symbols for PUCCH are also indicated in the downlink grant information from slot n-k, k can be zero.
· If short PUCCHs of different UEs are time-division multiplexed and when several PUCCH candidate frequency resources are configured, the base station should configure several PUCCH candidate frequency resources on different symbols
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5. 	Appendix – 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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