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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]In RAN1 #82, the following agreements for UL control signalling up to 32 component carriers about PUCCH format and HARQ feedback for are achieved [1],
Agreements:
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
· FFS: A new PUCCH format including CDM
· FFS:PUSCH-like or PUCCH format 3(PF3) based structure
· FFS
· Multi-PRB PF3 using a single DFT-precoder
· Other format is not excluded
· Spreading factor 
· Spreading within or between SC-FDMA symbols
· Number of DMRS symbols
Agreements:
· HARQ-ACK codebook size is dynamically determined
· To ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size)
· FFS, eNB transmits signaling in DL assignment: 
· FFS: Detailed signaling, e.g., 
· Counter DAI only
· FFS: Whether DAI can be not consecutive
· A Counter DAI and a Total DAI
· Combined DAI carrying either Counter or Total, based on the order of scheduling
· HARQ-ACK codebook indicator to indicate the possible carriers
· Note: Other alternatives are not precluded
· FFS: Additional UL signaling to indicate HARQ ACK codebook size
· FFS: PUCCH format adaptation
In this contribution, PUCCH format design is discussed considering the PUCCH format structure and the HARQ codebook size determination, and as more resources are needed for large payload PUCCH feedback, the resource indication for PUCCH is also discussed. 
2. Consideration on PUCCH format design 
Two PUCCH new format structures has been discussed and compared in the previous meeting, which are PUCCH based structure with 2 DMRS symbols per slot and PUSCH based structure with 1 DMRS symbol per slot. Evaluation results from many sources show that for smaller UCI payload size, PUCCH based structure provide better performance since channel estimation can be more accurate, while for large payload size where a lower code rate is more important, PUSCH based structure is better.
The PUCCH payload size for CA with more than 5 CCs and up to 32 CCs may vary significantly according to different applied scenarios and configurations. For example, in macro deployment scenarios, the macro eNB is usually deployed with licensed carriers in IMT bands，which limits the number of CCs it can aggregate, resulting in small or medium HARQ feedback payload. In such scenarios, PUCCH based structure can provide a better feedback performance. Regarding to the small cell deployment scenarios, the unlicensed carriers can be used together with licensed carriers by taking advantage of LAA techniques, which may require a UCI feedback design that is targeting at aggregating 32 carriers. In such scenarios, large payload size is required, and PUSCH based structure is more suitable.
The multiplexing of UEs using new PUCCH format with legacy UEs is another factor that needs to be taken into consideration, especially for macro deployment scenarios. Specifically, the macro eNB is expected to serve both legacy UEs with less than 5 carriers CA, and UEs with more than 5 carriers CA. Considering that the PUCCH format 3 designed for CA up to 5 carriers CA support multiplexing maximum of 5 format 3 transmissions in the same RB, it is preferred that the newly designed PUCCH format can also be multiplexed with legacy UEs using format 3, so as to provide more efficient PUCCH resource utilization. From this perspective, the PUCCH based structure is promising since it is possible to provide the advantage of multiplexing with legacy PUCCH format 3. For example, the A/N feedback bits of more than 5CC CA can be firstly coded, and then divided into multiple 48 bits blocks, which can be mapped to multiple PUCCH format 3 resources. 
Proposal 1: Two new PUCCH formats are suggested to be designed for up to 32CCs CA, which are PUCCH based structure to supported 16CCs CA with capability of multiplexing with legacy format 3, and PUSCH based structure to support up to 32CCs CA. 
Proposal 2: PUCCH based structure should have multiplexing ability with legacy UEs.
Another issue that has been widely discussed is the determination of A/N codebook size. It was agreed in the last RAN1 #82 meeting that the HARQ-ACK codebook size is dynamically determined. Under such circumstance, it is important to ensure the same understanding by both eNB and UE on both the number of scheduled CCs and the number of transmission codewords. Considering that the number of codewords of each scheduled CC is also dynamically determined, it is suggested to determine the A/N codebook size based on the number of codewords.
For such purpose, a counter DAI and a total DAI may be necessary to avoid the misunderstanding caused by missed detection of some codewords in the middle of the scheduled carriers and in the last scheduled carrier. For FDD, the counter DAI can represent the accumulated number of codewords in the downlink subframe, and the total DAI can reflect the total number of codewords in the downlink subframe. For TDD, the counter DAI can represent the accumulated number of codewords in the whole feedback window. Regarding to the total DAI, since it is not practical to assume that the total number of codewords in the feedback window can be predicted, it is suggested to let the total DAI to reflect the total number of codewords in each downlink subframe. For TDD, such two indicators still can not allow the UE to distinguish whether the last subframe in the whole feedback window is missed or not. One straightforward solution is to introduce another signalling, i.e., the number of total codewords in the feedback window. The signalling can be added in the DCI associated with the UL grant for the UL subframe used for A/N feedback.  
Proposal 3: In order to ensure the same understanding by both eNB and UE on the number of scheduled CCs and transmitted codewords, a counter DAI indicating the accumulated number of codewords, and a total DAI indicating the total number of codewords in the downlink subframe may be necessary for both TDD and FDD. For TDD, the number of total codewords in the feedback window may helpful for letting UE to distinguish whether the last subframe in the whole feedback window is missed or not.
3. Consideration on indication of PUCCH resource allocation
As discussed above, the payload size of PUCCH new format should depend on the number of scheduled CCs. Large payload size may require more transmitting resources, for example, multiple PUCCH format 3 resources in one PRB or multiple PRBs. How to indicate the resources used by PUCCH should be considered, and two possible alternatives are provided in the following.
Alt.1: Explicit indication:
The explicit indication is to dynamically tell the UE the resources used for new PUCCH format, where the signalling can be added in DCI. To reduce the signalling overhead that may be involved by dynamic explicit indication, the combination of semi-static signalling in RRC signalling and dynamic signalling in DCI can be considered, similar as the design in PUCCH format 3. If the PUCCH based structure is designed for the new PUCCH format, some simple modifications to current signalling indication of format 3 can achieve the resource indication of new PUCCH format, e.g., by assigning more DCI bits to indicate more resources.
Alt.2: Implicit indication:

The implicit signalling is to reuse the current parameters and indication process in current specification, and define some rules for deriving the resources dedicated for the new PUCCH format. Take the parameters designed for PUCCH format 3(PF3) as an example. Some rules can be defined to determine a mapping from payload size of CA with more than 5CCs to the resource indices that defined for PUCCH format 3. The mapping rules can be semi-statically informed the UE by higher layer signalling, so as to reduce the dynamic DCI signalling overhead.  Specifically, based on resource indication mechanism in R12 for PUCCH format 3, the first resource index  can be obtained, and correspondingly the PRB index and orthogonal sequence index in the PRB can be determined. Then the resource indices for the left resources can be derived from the first index with certain interval, while the interval may be informed by RRC signalling.










In the following, one simple example is provided. Consider TDD UL/DL config. 2, 10 scheduled CCs on each downlink subframe, one codeword on each CC, and all the downlink subframes in the feedback window have been scheduled with PDSCH transmission. The payload size for HARQ-ACK feedback of such assumption is 40 feedback bits. Multiple PUCCH format 3 can be chosen for the feedback with two PUCCH format 3 resources, because up to 21-bit HARQ-ACK is supported for PUCCH format 3. Based on higher layer configuration and TPC command in DCI, the PUCCH format 3 resource  can be determined. Then the PRB index , orthogonal sequence index for 2 slots  and  can be derived. Whether the multiple PF3 resource located in the same PRB or different PRBs can be predefined or RRC informed. If the two PUCCH format 3 resources are located in the same PRB, a orthogonal sequence interval between multiple PUCCH format 3 resources of the same UE, i.e., , can be predefined and used for resource allocation. If the two PUCCH format 3 resources are located in different PRBs, a PRB interval between the multiple PUCCH format 3 resources, i.e.,  , can be predefined and used for resource allocation.  As shown in Fig.1, if the two PF3 resource located in the same PRB and, then the second PF3 resource  locates in the same PRB with the first PF3, and the  orthogonal sequence index  and  are 2 more than the first one.
[image: ]
Fig.1 PUCCH format resource determination


Comparing the above two options, the Alt.1 of explicit indication is straightforward but need some new signalling to be added in DCI, while the Alt.2 of implicit indication can reuse the current indication in PDCCH but requires some mapping rules to define the relationship between indicated index to the physical resources. 
Proposal 4:  The resource indication of new PUCCH format should reuse the current mechanism as much as possible.
4. Conclusions 
In this contribution, considerations on PUCCH format design and resource indication are discussed. The following proposals are made: 
Proposal 1: Two new PUCCH formats are suggested to be designed for up to 32CCs CA, which are PUCCH based structure to supported 16CCs CA with capability of multiplexing with legacy format 3, and PUSCH based structure to support up to 32CCs CA. 
Proposal 2: PUCCH based structure should have multiplexing ability with legacy UEs. 
Proposal 3: In order to ensure the same understanding by both eNB and UE on the number of scheduled CCs and transmitted codewords, a counter DAI indicating the accumulated number of codewords, and a total DAI indicating the total number of codewords in the downlink subframe may be necessary for both TDD and FDD. For TDD, the number of total codewords in the feedback window may helpful for letting UE to distinguish whether the last subframe in the whole feedback window is missed or not.
Proposal 4: The resource indication of new PUCCH format should reuse the current mechanism as much as possible.
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