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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#82 meeting, the following set of selected agreements were made:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· With at least one PRB per slot
· In the case of TDD PUCCH cell, the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32CCs is selected from
· 128, 256, 319, 638

· The PUCCH format with PUSCH-like structure can be used to carry
· P-CSIs for multiple serving cells
· HARQ-ACK codebook size is dynamically determined.  
Transmission of 128 or more HARQ-ACK/Periodic-CSI bits will require a PUCCH format which utilizes multiple Physical Resource Block (PRB) pairs, which is discussed in [1]. In this contribution, we consider aspects of PUCCH resource allocation. The following characteristics should be taken into account when allocating the resources. A new PUCCH format:
· Has significantly larger maximum payload than existing PUCCH formats.
· Can contain HARQ-ACK feedback.
· Can contain periodic CSI from multiple serving cells.
· May possibly contain HARQ-ACK feedback and periodic CSI.(FFS)
The key points are that for large PUCCH payloads, which may be dynamically varying, the following features for PUCCH resource allocation should be targeted:
· Allocation of multiple frequency contiguous PRB pairs within a slot in order to accommodate large UCI payloads.
· Dynamic adaptation of the number of PRB pairs in order to accommodate varying UCI payloads and instantaneous uplink channel conditions.
· Dynamic adaptation of the locations of the PRB pairs in order to improve PUCCH resource utilization.
PUCCH resource allocation
Amount of PUCCH resources
In [2], we show that large UCI payloads can be accommodated by extending PUCCH format 3 to multiple PRB pairs or by using the agreed PUSCH-based PUCCH format. The former can be multiplexed with PUCCH format 3, while the latter will require a new set of PUCCH resources. In order to keep the SC-FDMA waveform, the location of the PRB pairs should be contiguous in frequency within a slot to allow using DFT precoding for achieving low PAPR/CM. PRB pairs could be considered to be allocated either contiguously (Fig. 1 left) or non-contiguously (Fig. 1 right) between the slots. In the first case, resource multiplexing with legacy PUCCH formats is simpler since 1 PRB pair is occupying 1 PUCCH region. In the second case, 1 PRB pair is allocated over 2 PUCCH regions, which may be more suitable for the PUSCH-based PUCCH format, where multiplexing with non-frequency hopping PUSCH is possible. 



Figure 1. Examples of PUCCH resource allocation using 3 PRBs per slot and non-contiguous allocation between slots (left) and contiguous allocation between slots (right). 
[bookmark: _Ref129681832]Low code rates can be obtained by allocating multiple PRB pairs. Therefore, large UCI payloads are not necessarily problematic. However, it is not efficient to always allocate a fixed (i.e., the maximum) number of PRB pairs for all kinds of different UCI payloads. Consequently, since the number of UCI feedback bits could vary dynamically among subframes, the eNodeB should be able to adapt the number of allocated PRB pairs accordingly. Thus it will suffice to specify a PUCCH format for which the number of allocated PRB pairs is variable[footnoteRef:1].  [1:  It is mostly a semantic question whether a same PUCCH format structure with different number of PRB pairs should be regarded as multiple PUCCH formats or a single PUCCH format with a variable PRB pair allocation. Here, we assume the latter interpretation.] 

Usage of PUCCH resources
An efficient eNodeB would typically schedule a UE on as few DL carriers as possible while maximizing the number of scheduled PRBs on each carrier. Therefore, in Rel-10 the HARQ-ACK feedback mechanisms for carrier aggregation were not optimized assuming a large number of UEs being simultaneously scheduled on multiple serving cells.  This principle would apply also for Rel-13. Furthermore, assuming that the number of UEs requiring a new PUCCH format (i.e., being capable of aggregating more than 5 serving cells) is supposedly going to be small, the resources for the new PUCCH format may not be used very frequently, at least not in every subframe. A new PUCCH format utilizing multiple PRBs in a slot will require allocation of more resources than current PUCCH formats, albeit with less resource utilization. The resource utilization is improved for a PUCCH format which can reuse existing PUCCH format 3 resources (e.g., a multi-PRB PUCCH format 3). Nevertheless, more PUCCH resources may need to be reserved, even though they may not be used in a given subframe, and it is crucial that the PUCCH resource allocation scheme can provide means for flexible allocation of the resources. 
Allocation of PUCCH resources
The allocation of PUCCH resources should consider two cases:
Semi-static PUCCH resource allocation
For semi-static PUCCH resource allocation, a set of higher layer configured PRB pairs is allocated. This will be needed for transmitting periodic CSI reports only (for which there is no associated downlink control 



Figure 2. Example of resource allocation where a new PUCCH format has a resource region of N PRB pairs which overlaps with existing PUCCH format resource regions.
information (DCI) format on the PDCCH/EPDCCH which can carry explicit PUCCH resource indication[footnoteRef:2]). The eNodeB may prefer to let the higher layer configured PUCCH resources for periodic CSI be located close to the carrier edges (similar to PUCCH format 2/2a/2b). However, it is inefficient to rely on semi-static PUCCH resource allocation for UCI consisting of HARQ-ACK, since the amount of configured PUCCH resources would correspond to the maximum payload and cannot be adapted dynamically. [2: This applies to PUCCH format 2/2a/2b, whereas currently PUCCH format 3 is using dynamically indicated PUCCH resources. ] 

Dynamic PUCCH resource allocation
For dynamic PUCCH resource allocation, a set of PRBs are allocated using explicit information in an associated DCI format. This allows adapting the number of allocated PRB pairs as well as their locations to the PUCCH payload. Furthermore, a dynamic resource allocation may assure that semi-static PUCCH resources (reserved for when UCI consists of CSI only) could be reused when the UCI consists of HARQ-ACK feedback and no CSI.   

It is inefficient to allocate disjoint PUCCH resources for the new PUCCH format, since they may be used infrequently. It would be beneficial to be able to define PRB pairs which could overlap with the PUCCH resources for the existing PUCCH formats and let the eNodeB perform the allocation dynamically within these PRBs while assuring that there is no simultaneous use of PUCCH resources for the different PUCCH formats in the overlapped PRB pairs, see Fig. 2. This improves the statistical multiplexing gain of the PUCCH resources.  Furthermore, in some cases there are performance gains of using 16-QAM instead of QPSK [1], which may impact the PUCCH resource allocation scheme, if 16-QAM on PUCCH will be supported. Thus, for a multi-PRB PUCCH format, the PUCCH resource allocation scheme should be able to dynamically indicate:
· Any number of 1, 2, …, K contiguous PRBs in a slot, where K is FFS and K>1.
· The positions of the PRBs. 
· The modulation level for the PRBs, if 16-QAM is supported.

Two methods for dynamic PUCCH resource allocation could be considered:




Figure 3. Example where the TPC bits in the SCell DCI indicate UE-specific RRC configured sets containing indices to the allocated PRB pairs. 


Figure 4. Example where the TPC bits in the SCell DCI indicate UE-specific RRC configured sets containing one index (black) defining the starting PRB position and one index (blue) indicating the number of PRBs. 


Figure 5. Example where the TPC bits in the SCell DCI indicate UE-specific RRC configured sets containing bitmaps indicating the allocated PRBs. 
Explicit PUCCH resource allocation by means of TPC bits in the SCell DCI
Similar to PUCCH format 3, PUCCH resources can be allocated dynamically by using the transmit power control (TPC) bits in the DCI on the SCell or for subframes with DAI>1. Each state of the TPC bits could correspond to a UE-specific RRC configured set indicating the PRB pairs. Alternatively, the set could contain indices to the PUCCH region. The sets could be of different size, thereby enabling full flexibility of resource allocation. There could be several ways of defining the sets, e.g., by using integer valued indices or bit maps, which is up to RAN2. For example a set could contain indices to the PRB pairs (Fig. 3), a starting PRB index and an index for indicating the number of PRBs (Fig. 4) or a bit map (Fig. 5).
Fig. 3-5 illustrate one example where 3 UEs are configured with different sets, whose sizes may depend on the expected UCI payload for the UE, e.g., UE1 is not requiring multiple PRBs per slot. In this manner, the new PUCCH format will be completely scalable and future-proof by means of allowing configuration of large enough PRB pair sets.
Explicit PUCCH resource allocation by means of an UL resource allocation field in the DCI
A fully flexible PUCCH resource allocation could be obtained by defining a resource allocation field in the DCI . With the constraint that only frequency contiguous PRB pairs could be allocated in a slot, a resource allocation field would require  bits, where N corresponds to the maximum number of PRBs over which the PUCCH allocation is defined. This scheme does not involve any RRC signaling and is therefore more dynamic, at the cost of introducing additional bits in the DCI. 


Figure 6. Example where the 2 TPC bits + 1 extra bit in the SCell DCI indicate the allocated PRB pairs in the same manner as for uplink resource allocation type 0.
Fig. 6 shows one example where N=3 PRB pairs are defined for the PUCCH and 3 bits (2 TPC bits + 1 new bit) correspond to the Resource Indication Value (RIV) as used for the UL resource allocation type 0.
In principle, for any of the above explicit resource allocation schemes, other attributes could additionally apply for the TPC bits. For example, if 16-QAM is supported, the TPC bits could jointly indicate the PUCCH resources as well as the modulation level. It should further be noted that the interpretation of the TPC bits may also depend on the HARQ-ACK codebook size as to indicate switching between PUCCH formats [3]. Moreover, in Rel-10 the ARI values (TPC bits) are the same on all SCells and for all DL assignments with DAI>1, which means that they indicate the same PUCCH resource. It could be further studied whether to define more flexible PUCCH resource allocation schemes by allowing signaling different ARI values in the DL assignments.    
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
A multi-PRB PUCCH format will be able to provide for increased UCI payloads. Considering the issues of varying payloads, channel conditions and efficient resource utilization, it should be possible to dynamically indicate the resources (i.e., number of PRB pairs and their positions) for a new PUCCH format. For this, the following features for PUCCH resource allocation should be considered further:
Proposal 1: If a new multiple-PRB PUCCH format is defined, the PUCCH resource allocation scheme should be able to dynamically indicate:
· Any number of 1, 2, …, K contiguous PRBs in a slot, where K is FFS and K>1.
· The positions of the PRBs. 
· The modulation level for the PRBs, if 16-QAM is supported.

Proposal 2: If a new multiple-PRB PUCCH format is defined, study further how to provide the allocated PUCCH PRB pair positions and the allocated number of PRB pairs, including:
· Usage of TPC bits in the SCell DCI to indicate higher layer configured resource indices , or,
· Usage of a PUCCH resource allocation field in an associated DL DCI.
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