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Introduction
[bookmark: _Ref178064866]It has been agreed to support explicit resource allocation of PUCCH resources and dynamic indication of PUCCH timing. It has been agreed to configure a set of PUCCH resources. Few options to construct a set of PUCCH resources were considered for further selection of one option. A collection of PUCCH resource parameter has been developed that a UE needs to know to be able to transmit PUCCH. 
In [1], [2], [3] and [4] the following has been agreed w.r.t. PUCCH resource allocation:
Agreements: [1]
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing
Agreements: [2]
· 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

Agreements: [3]
· In order to identify PUCCH resource, at least following are known by the UE:
· PUCCH format
· Starting symbol in a slot
· Which slot(s) the PUCCH is transmitted
· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· For 1-symbol short-PUCCH for UCI of more than 2 bits,
· No additional parameters are identified
· For 2-symbol short-PUCCH for UCI of up to 2 bits,
· Code/sequence index(es)
· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,
· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· Sequence/code index
· OCC and, e.g., cyclic-shift
· [bookmark: _Hlk491366649]Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,
· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot
· Note: take the case of multi-slot into account.
· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,
· FFS: details
· FFS: for transmit diversity
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.

Agreements [4]:
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined

In this contribution, we propose the structure and content of the PUCCH resources and their corresponding parameters and the corresponding signaling issues.
Discussion
Short PUCCH transmission time within the slot:
Figure 2 shows the case of a non-slot-based transmission in TDD for reduced latency. The transmission starts as soon as possible after DL data has arrived in DL buffer and also the DL transmission duration is often matched to the small payload of latency-critical applications. For several applications, it is not only important to send the transmission quickly but also to obtain HARQ feedback quickly. With current agreements, a short PUCCH transmission could occur in the second last or last symbol of a slot interval. Especially if a non-slot-based transmission has been transmitted early in the slot interval the delay until the first short PUCCH opportunity occurs may be inacceptable.
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Figure 2	HARQ feedback for a DL non-slot-based transmission (MS) can only be transmitted in PUCCH resources at the end of a slot interval.
To enable early HARQ feedback more frequent PUCCH resources distributed over a slot interval are needed, as shown in Figure 3. The pure presence of a configured PUCCH resource (orange color in Figure 3) does not imply a UE is going to use it, a UE will only use it if it received a DL assignment and is instructed to transmit PUCCH (red color in Figure 3) or if it would be an SR resource and the UE uses it. In TDD, when a gNB scheduled a terminal in DL and expects a feedback transmission on PUCCH the gNB must pre-empt all ongoing DL transmissions to be able to receive the UL. 
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Figure 3	Frequent PUCCH resources within a slot interval enable low-latency HARQ feedback.
Depending on how often PUCCH opportunities within a slot interval are used it could make sense to operate a TDD carrier based on DL non-slot-based transmission and UL opportunities in-between, see Figure 4. This is especially useful if also UE-triggered low-latency transmissions are allowed and frequent scheduling request opportunities are needed. However, one needs to keep in mind that every transmission direction switch increases overhead due to required guard times. In FDD where the gNB can simultaneously transmit and receive regular transmissions can be based on slot-based rather than non-slot-based transmissions.
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Figure 4	Frequent UL opportunities are created by scheduling the DL using non-slot-based transmissions (MS) and inserting UL opportunities in-between.
A similar mechanism can also be used for the carrier aggregation scenario where high-band DL HARQ feedback is transmitted in the low-band. The high-band DL uses wide subcarriers (Num2) because of phase noise. The low-band carrier may serve a wider coverage area than the high-band DL (i.e. the high-band DL only covers a hot spot) and uses narrow subcarriers (Num1) to obtain required CP length without significant overhead. Without additional short PUCCH resources, the HARQ feedback is transmitted at the end of the low-band slot interval, several high-band slot intervals later, see Figure 5. 
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Figure 5	HARQ feedback for a DL carrier in the high-band is transmitted on a low-band carrier. 
Reporting HARQ feedback at the end of the low-band slot interval incurs longer HARQ RTT and potentially larger soft-buffer requirements (depending on details of soft-buffer handling). One possibility would be to insert additional short PUCCH resources in the low-band as described above. However, the main motivation here is not a low-latency application but to optimized MBB provided by high-band hotspot DL carrier. This does not justify in our view to degrade DL performance of the low-band carrier (as additional short PUCCH resources with frequent turn-around in TDD would do) with potentially much larger coverage area than the high-band carrier. Therefore, we think that for the low-high-band carrier aggregation scenario additional short PUCCH resources distributed over the low-band slot interval are of higher importance for low-band FDD where they do not degrade DL performance of the low-band carrier. 
Proposal 1:
· In addition to the already agreed short PUCCH resources in the last and second last symbol, additional short PUCCH resources can be configured in other symbols of a slot.
Indication of slot timing for a PUCCH transmission
With the agreements from [1] above the DCI signals to a UE the timing between DL assignment (PDCCH) and DL data (PDSCH) (k0) and the timing between PDSCH and UL control (PUCCH) (k1). In addition, it has been agreed that a set of PUCCH resources is semi-statically configured and the DCI indicates which resource out of the configured set should be used. At least for slot-based scheduling the timing indicator k1 should provide the slot  where PUCCH is transmitted ( is the slot where PDSCH is received and k1 is in slots). It is not decided if any of the two timing fields should be jointly decoded with the dynamic PUCCH resource indication or not. One could consider to jointly encode timing k1 and the PUCCH resource indicator in the DCI. However, in some setups, e.g. FDD or TDD with semi-static DL/UL configuration k1 might not be needed. To reduce DCI size the timing indication could be omitted which is simpler if k1 is separately provided from the PUCCH resource indicator. 
For non-slot-based transmission targeting low latency transmission it can be beneficial to provide feedback very quickly, in this case one could consider indicating k1 in symbols rather slots. However, non-slot-based transmissions are not always tied to low latency, in these cases a “regular” PUCCH resource might be preferred. In [4] we propose to support multiplexing of HARQ feedback from slot-based transmissions and non-slot-based transmissions in the same HARQ codebook. In the latter two cases, it is preferable to express k1 in slots. Furthermore, for a unified framework of slot-based transmissions and non-slot-based transmissions it is preferable to indicate k1 in slots rather than in symbols.
Proposal 2:
· The DCI provides a separate field that provides the slot offset between PDSCH and PUCCH.
Indication of symbol timing within a slot for a PUCCH transmission
NR provides a multitude of different PUCCH formats and not all of them start at the beginning of an UL slot, e.g. short PUCCH comes at the end of an UL slot and potentially also at positions within the slot, long PUCCH comes in various different lengths and positions, etc. Just knowing the slot is not sufficient to transmit PUCCH, also the symbol timing is necessary. We propose to encode the symbol timing separately from the slot timing k1. For a non-slot-based transmission targeting low latency transmission the gNB could indicate k1=0 (i.e. PUCCH is transmitted in the same slot interval as PDSCH is received) and the symbol timing could indicate an appropriate PUCCH timing within the slot.
The symbol timing could either be indicated separately from the remaining PUCCH resource parameters or jointly together with them. In our view the network configures one set of PUCCH resources within an UL slot and this single configured set contains all PUCCH resources of the UE, i.e. (multiple) short PUCCH (can be in different symbols), (multiple) long PUCCH (can be in different symbols and lengths), etc., see Figure 1. In this case there is neither a need for a separate PUCCH symbol timing nor for a separate PUCCH format indicator in the DCI. Combining PUCCH symbol timing, PUCCH format, and PUCCH resource indicator into a single DCI field gives the network most flexibility in configuring PUCCH. The alternative solution would be to have separate fields for PUCCH symbol timing, PUCCH format, and PUCCH resource; but if the network for example intends only to use short PUCCH format in the last symbol both the PUCCH timing and format indicator would be redundant (all configured PUCCH resources are contained in the last symbol and of the same format). 
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[bookmark: _Ref492546441]Figure 1: A UE is configured with one PUCCH resource pool containing multiple PUCCH resources (P0 to P5). This single pool can contain different PUCCH formats and PUCCH symbol timings.
Proposal 3:
· A PUCCH resource includes at least PUCCH format and PUCCH symbol timing.

Indication of Required PRB
Short PUCCH format for >2 bit supports up to a few 10 bits. Long PUCCH format for >2 bit supports up to a few 100 bits. It is obvious that transmission of 2 and a few 10 bits (few 100 bits for long PUCCH) require different bandwidths. Both short and long PUCCH formats for >2 bit require therefore different bandwidth configurations.
One possibility is to extend the pool of PUCCH resources to include several resources of the same format but with different bandwidths. This would require a larger PUCCH resource pool and more importantly would increase the PUCCH resource indicator size (and thus the DCI).
Another possibility is to derive the number of PUCCH PRB from the UCI size, i.e. define a mapping from UCI size to number of PRB. The resource derived from the PUCCH resource pool via PUCCH resource indicator would indicate the first PUCCH PRB. Depending on the UCI size additional PRB would be added. Deriving the PRB size from the UCI size would result in fewer PUCCH resource indicator bits. If UE misses DL assignment(s) and cannot recover the correct UCI size (despite DAI mechanism if defined) it may assume a too small UCI size and thus fewer PRB than it should. This would result in an undecodable PUCCH (but even wrong UCI size with correct PRB size is undecodable). If UE uses fewer than expected PRB this is also no problems w.r.t. collisions with other transmissions (a problem would occur if UE uses more PRB than expected, but this is extremely unlikely only in case a UE falsely decodes a DL assignment). 
Proposal 4: 
· The starting PRB is part of the PUCCH resource configuration.
· Contiguous PRB allocation for PUCCH formats is prioritized.
· For short and long PUCCH formats supporting more than 2 bit, the number of allocated PUCCH PRB is derived from the UCI size. 
Details of PUCCH resource configuration and signalling
In the last meeting, different options were proposed for constructing a PUCCH resource set. From our point of view, a resource set can include both short and long PUCCH formats as well as different types of short or long PUCCH formats. In this case, the UE can use the appropriate PUCCH depending on for example the time and frequency available resources, the UCI size to be transmitted, different UCI types to be simultaneously transmitted as discussed in our companion contributions [6][7][8][9][10]. Therefore, among the options for a PUCCH resource set considered in the previous meeting, we prefer option 1. When the set is defined, the UE by an indicator in DCI determines the PUCCH format and some of the corresponding parameters. Therefore, we propose:

Proposal 5: 
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as the following:
· One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats.

· A PUCCH resource indicator included in the DCI selects a PUCCH resource from the set of PUCCH resources (and implicitly also the format and symbol timing).

In summary, the DCI includes a PUCCH slot timing indicator (k1) as well as a PUCCH resource indicator. The PUCCH slot timing indicator selects one out of a set of configured slot offsets. RRC configures a pool of PUCCH resources from which one is selected via the PUCCH resource indicator.
Below we list parameters that are RRC configured per PUCCH resource, depending on the PUCCH format which in details are described in the corresponding companion contributions:
1-symbol short-PUCCH for UCI of up to 2 bits [6][8]
One-symbol PUCCH [6]:
· PUCCH format
· Starting symbol in the slot
· PRB
· Sequence(s)
Two-symbol PUCCH [8]:
· PUCCH format
· Starting symbol in the slot
· PRB of first and second hop 
· Sequence(s)
Proposal 6:
· For short-PUCCH with up to 2 HARQ-ACK bits with/without SR, the UE is configured with the following parameters in the corresponding PUCCH resource:
· An incremental cyclic shift between two consecutive sequences with the same SR state (denoted by “Δ”)
· Initial cyclic shift value(s) corresponding to different states of SR (denoted by “n0” and “n1” corresponding to negative and positive SR, respectively)
· The starting PRB index for the first PUCCH symbol within the slot (denoted by “p0”)
· The starting PRB index for the second PUCCH symbol within the slot (denoted by “p1”)
· Note: This field is only applicable for 2-symbol short PUCCH
· The starting symbol within the slot (denoted by “t0”)
Short-PUCCH for UCI of more than 2 bits [7][8]
One-symbol PUCCH [7]:
· PUCCH format
· Starting symbol in the slot
· Starting PRB
· The PUCCH bandwidth (number of PRBs) depend on the UCI size. 
· DM-RS sequence
Two-symbol PUCCH [8]:
· PUCCH format
· Starting symbol in the slot
· Starting PRB of first and second hop
· [bookmark: _Hlk492552073]The PUCCH bandwidth (number of PRBs) depend on the UCI size. 
· DM-RS sequence(s)

Proposal 7:
· For short-PUCCH with more than 2 bits, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The symbol within the slot (denoted by “t0”)
· The starting PRB index for the first PUCCH symbol within the slot (denoted by “p0”)
· The starting PRB index for the second PUCCH symbol within the slot (denoted by “p1”)
· Note: This field is only applicable for 2-symbols short PUCCH
Long-PUCCH for UCI of up to 2 bits [9]
· PUCCH format
· Starting symbol in the slot
· PUCCH length per slot. For a multi-slot PUCCH, also the number of slots is configured. The same start and stop symbols apply in all slots.
· PRB of first and second hop
· Index which provides (DM-RS) sequence, cyclic shift, and OCC
Proposal 8:
· For long-PUCCH with up to 2 UCI, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The duration of PUCCH (denoted by “N”)
· Index which provides the code resources including cyclic shift, and OCC for both DMRS and UCI symbols (denoted by “ci”)
· The starting PRB index within the slot (denoted by “p0”)
· The starting symbol within the slot (denoted by “t0”)
Long-PUCCH for UCI of more than 2 bits [10]
· PUCCH format
· Starting symbol in the slot
· PUCCH length per slot. For a multi-slot PUCCH, also the number of slots is configured. The same start and stop symbols apply in all slots.
· Starting PRB of first and second hop. 
· Intra-symbol sub-carrier repetition factor for multi-user multiplexing.
· The PUCCH bandwidth (number of PRBs) depend on the UCI size. 
· DM-RS sequence(s)
Proposal 9:
· For long-PUCCH with more than 2 UCI bits, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The duration of PUCCH (denoted by “N”)
· The cyclic shift of the DMRS (denoted by “Δ”)
· The starting PRB index within the slot (denoted by “p0”)
· The starting symbol within the slot (denoted by “t0”)
· The intra symbol sub-carrier mapping of UCI symbols given by repetition factor (denoted by “rf”)
· Note: rf = (1, 2, 3, 4, 6) enables multiplexing 1, 2, 3, 4, 6 users 
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In this contribution, we discuss our view on PUCCH resource allocation and propose:
Proposal 1:
· In addition to the already agreed short PUCCH resources in the last and second last symbol, additional short PUCCH resources can be configured in other symbols of a slot.
Proposal 2:
· The DCI provides a separate field that provides the slot offset between PDSCH and PUCCH.
Proposal 3:
· A PUCCH resource includes at least PUCCH format and PUCCH symbol timing.

Proposal 4: 
· The starting PRB is part of the PUCCH resource configuration.
· Contiguous PRB allocation for PUCCH formats is prioritized.
· For short and long PUCCH formats supporting more than 2 bit, the number of allocated PUCCH PRB is derived from the UCI size. 
Proposal 5: 
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as the following:
· One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats.

· A PUCCH resource indicator included in the DCI selects a PUCCH resource from the set of PUCCH resources (and implicitly also the format and symbol timing).
Proposal 6:
· For short-PUCCH with up to 2 HARQ-ACK bits with/without SR, the UE is configured with the following parameters in the corresponding PUCCH resource:
· An incremental cyclic shift between two consecutive sequences with the same SR state (denoted by “Δ”)
· Initial cyclic shift value(s) corresponding to different states of SR (denoted by “n0” and “n1” corresponding to negative and positive SR, respectively)
· The starting PRB index for the first PUCCH symbol within the slot (denoted by “p0”)
· The starting PRB index for the second PUCCH symbol within the slot (denoted by “p1”)
· Note: This field is only applicable for 2-symbol short PUCCH
· The starting symbol within the slot (denoted by “t0”)
Proposal 7:
· For short-PUCCH with more than 2 bits, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The symbol within the slot (denoted by “t0”)
· The starting PRB index for the first PUCCH symbol within the slot (denoted by “p0”)
· The starting PRB index for the second PUCCH symbol within the slot (denoted by “p1”)
· Note: This field is only applicable for 2-symbols short PUCCH
Proposal 8:
· For long-PUCCH with up to 2 UCI, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The duration of PUCCH (denoted by “N”)
· Index which provides the code resources including cyclic shift, and OCC for both DMRS and UCI symbols (denoted by “ci”)
· The starting PRB index within the slot (denoted by “p0”)
· The starting symbol within the slot (denoted by “t0”)
Proposal 9:
· For long-PUCCH with more than 2 UCI bits, the UE is configured with the following parameters in the corresponding PUCCH resource:
· The duration of PUCCH (denoted by “N”)
· The cyclic shift of the DMRS (denoted by “Δ”)
· The starting PRB index within the slot (denoted by “p0”)
· The starting symbol within the slot (denoted by “t0”)
· The intra symbol sub-carrier mapping of UCI symbols given by repetition factor (denoted by “rf”)
· Note: rf = (1, 2, 3, 4, 6) enables multiplexing 1, 2, 3, 4, 6 users 
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