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1. Introduction
The scope of work item, ‘LTE Carrier Aggregation Enhancement beyond 5 Carriers’ is to standardize mechanism of aggregating up to 32 carriers. The corresponding UL/DL control signalling is needed to be enhanced in CA with up to 32 CCs. Some progress was made in last meeting and enhanced aspects were identified for UCI. This contribution is focusing on the further details of enhancement on Uplink Control Signalling to support up to 32 CCs.
2. Discussion
2.1. HARQ-ACK
For Rel-10 Carrier Aggregation, 5 CCs is supported and the maximum number of HARQ-ACK need to be feed backed is 10 in FDD and 40 in TDD. To enable feedback of all subframes with the limited capacity of PUCCH format 3, spatial bundling is employed in TDD if the number of HARQ-ACK feedback bit is more than 20. This is limited by maximum supportable payload of dual-RM code PUCCH format 3. As the number of aggregated CCs increases, the number of HARQ-ACK increase accordingly. New HARQ-ACK mechanisms should be considered for the CA with up to 32 CCs.
2.1.1. HARQ-ACK on PUCCH
In the RAN1#80 meeting, some observations were made:
· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· Details FFS including but not limited to

· Supported payload size(s)

· Channel coding

· Detailed structure of the new format

Thus, at least one new PUCCH format would be introduced to support the larger HARQ-ACK payload. The first question for that new PUCCH format is the maximum number of supportable payload. Full HARQ-ACK feedback should be supported at least for FDD PCell. As for TDD, only spatial bundling may be considered on top of the new format. It can achieve good trade-off between the DL throughput performance and UL feedback overhead. Thus, the corresponding maximum number of HARQ-ACK need to be feed backed could be 64 for FDD and 128 for TDD without considering TDD UL/DL configuration 5. 
For HARQ-ACK feedback to support CA with up to 32 CCs, two schemes can be considered:
Scheme 1: full feedback with new PUCCH format. 
Scheme 2: HARQ-ACK compression with existing PUCCH formats.
For Scheme 1, followings are possible solutions to design the new PUCCH format.
Scheme 1-1: time-domain extension. 
There are also two options for time-domain extension. The first one is reducing the length of OCC of PUCCH format 3. The OCC length of PUCCH format 3 is 5 or 4 now. OCC with shorter length can be considered for the new PUCCH format at the cost of decreasing multiplexing capacity. Figure 1 gives an example. There is no OCC in the time domain. At most 240 coded bits/120 symbols can be transmitted. Another one is reducing the number of DMRS. PUSCH with single PRB can be viewed as a new PUCCH format, which is shown in Figure 2. In this case, there are 288 coded bits/144 symbols can be transmitted. For the PUSCH based method, lower code rate can be achieved compared to the PUCCH format3-based method at the cost of degraded channel estimation. Note that whether or not to apply OCC to increase the multiplexing capacity depends on the number of bits to feed back HARQ-ACK. Both options had been discussed in Rel-11 for CA enhancement and could be starting points for further evaluation. 
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Figure 1: New PUCCH format (PUCCH format 3 based)
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Figure 2: New PUCCH format (PUSCH based)
Scheme 1-2: frequency-domain extension
To carry more coded bits, multiple PRBs can be allocated for the new PUCCH format instead of one. 2 PRBs are allocated for a new PUCCH format, as shown in Figure 3. Then, 96 coded bits/48 symbols can be transmitted with this new PUCCH format. 
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Figure 3: New PUCCH format (2 PRBs)
Scheme 1-3: PUCCH resource extension. 
PUCCH on SCell can be viewed as an example for this solution. But, further extension should also be considered. For example, multiple PUCCHs transmission on a single UL CC or more than 2 PUCCH cell group can also be investigated. Each PUCCH uses the legacy PUCCH format or new PUCCH format as mentioned above. Note that this scheme is only applicable for UEs with multiple PUCCH transmission capability, so it should not be used as mandatory. 
For Scheme 1-1 and Scheme 1-2, new channel coding scheme should be considered. Multiple RM (more than 2) code or TBCC can be considered. Note that all the mentioned above solutions can combine to each other or combine all together depending on the target payload the new PUCCH format will carry.
For Scheme 2, HARQ-ACK compressions are applied. Bundling can be viewed as a compression method. In addition to spatial bundling, other bundling should also be considered. As mentioned above, for the new PUCCH format, only spatial bundling is considered. Other bundling is may only focus on the existing PUCCH format. Since PUCCH format 1b with channel selection can only support up to 2 CCs, it should be precluded for supporting CA with up to 32 CCs. Further compression scheme is only applied for PUCCH format 3 to support large number of CCs. The target is to compress into the range that PUCCH format 3 can support. Followings are possible solutions to the HARQ-ACK compression. Note that the bundling discussed under Scheme 2 includes the bundling across time and/or frequency domain.
Scheme 2-1: Group bundling
In this solution, the aggregated cells are divided into cell groups. HARQ-ACK bundling is performed within each cell group. The number of cell groups is related to the number of HARQ-ACK bits to be feed backed and the capacity of PUCCH format 3 and the bundling scheme used in each group. Figure 4 gives an example of group bundling. The detail of bundling scheme used in each group is FFS. Note that if bundling scheme is introduced in CC domain, DAI in CC domain should also be introduced as well to solve the PDCCH miss-detection.
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Figure 4: example of group bundling
Scheme 2-2: Partial bundling
Bundling is performed only for part of the CCs, and no bundling or at most spatial bundling is performed for other CCs. The number of CCs without bundling can be fixed or configurable. Figure 5 gives an example for partial bundling. In this example, PUCCH format 3 with dual RM is used. Up to 20/21 HARQ-ACK bits can be supported in this case. And the number for the unbundled CCs is set to M. M HARQ-ACK bits correspond to M CCs respectively and the remaining (20-M) or (21-M) HARQ-ACKs bit corresponds to the bundled HARQ-ACK bits for the remaining CCs. The details on how to configure the un-bundled CCs and the bundled CC can be further decided. The bundling scheme for the bundled CCs is also FFS. And as mentioned above, DAI in CC domain should also be introduced to handle the PDCCH miss detection problem. If the DL DAI in CC domain is introduced, the HARQ-ACK bits can be ordered according to the DAI, which are illustrated in Figure 6. In this case, if the number of scheduled CCs does not exceed the number of CCs configured without bundling, no bundling is needed. It can ensure the DL throughput performance. 
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Figure 5: example of partial bundling
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Figure 6: example of partial bundling based on DAI
Scheme 2-3: HARQ-ACK compression with scheduling restriction
If there are some scheduling restrictions put on the eNB, HARQ-ACK bits can also be reduced to some extent. For example, if it is restricted that up to M continuous CCs (consecutive in CC index) can be scheduled, the HARQ-ACK bits can be reduced to 
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 bits are used to indicate the first CC index of the M CCs and M bits are used to indicate the HARQ-ACK state of each CCs. Two examples are illustrated in Figure 6. If M is set to 17, 21 bits are needed, which can be supported by PUCCH format 3. In CA with up to 32 CCs configured, the number of simultaneously scheduled CCs may not be too large. So such restrictions may not put too many limits on the eNB’s scheduling. Note that DAI is not needed in this case.
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Figure 6: example of HARQ-ACK compression with scheduling restriction
2.1.2. HARQ-ACK on PUSCH
Current specification allows that 4 SC-FDMA symbols in PUSCH can be used to transmit HARQ-ACK feedback. This is under the scenarios of single carrier and later 5-carrier CA. However, if large number of bits, e.g. 128, is needed to be feed backed, the performance of HARQ-ACK cannot be guaranteed. The 4 SC-FDMA symbols can only provide 48 modulation symbols per PRB. The number of symbols for HARQ-ACK is quite limited in this sense. Similar problem also exists for RI on PUSCH. Extending more SC-FDMA symbols which can be used to transmit HARQ-ACK is one of most straightforward solution. Extending the all 12 payload SC-FDMA symbols in PUSCH can archive the required performance. This problem can also be avoided by scheduling multiple PRB to get more modulation symbols. However, it is very inefficient since the resource for Data and Control may not be matched. Feed backing 128 bits for DL HARQ does not means scheduling comparable number bits for Data. And, the target BLER for control signalling is at least below 1%, which results in much lower coding rates than data. Thus, it could be possible case that the 4 SC-FDMA symbols are packed with UCI and in full power. Data resource could be wasted.
2.1.3. Others 
Up to 2 CCs can be configured for TDD UL/DL configuration 5 or the DL reference configuration is configured to 5. As the new PUCCH format is introduced to support larger number of HARQ-ACK, the supportable number of CC for TDD UL/DL configuration 5 or the DL reference configuration is configured to 5 can increase accordingly. The exact number can be determined after the new PUCCH format design is finished.
Proposal 1: RAN1 should introduce new mechanism or enhancements to support massive HARQ-ACK feedback in CA with up to 32 CCs.
· Full feedback and HARQ-ACK compression should also be supported.
· Introduction of DL DAI in CC domain should be considered.
· Enhancement of HARQ-ACK on PUSCH should be investigated.
2.2. CSI and SR
· Multiple P-CSI
In Rel-10, the set of higher-layer configuration parameters as defined in Rel-8 are independently configured for each DL CC for periodic CSI reporting. Periodic CSI is reporting for only one DL CC, which is determined according to priority in one subframe. CSI for de-prioritized DL CC is dropped. Simultaneous transmission of multiple CCs’ periodic CSI in one subframe by PUCCH format 3 is not introduced yet. With large number of CC and limited number of periodicity for CSI report, multiple CCs’ periodic CSI will more frequently collide to each others. If new PUCCH format is introduced for HARQ-ACK, multiple CCs’ periodic CSI can be considered to be transmitted by new PUCCH format. The maximum number of CCs simultaneously reported with periodic CSIs in one subframe depends on payload which the new PUCCH format can be supported. NxPUCCH can also be considered for of multiple periodic CSI transmission.
Proposal 2: Simultaneous transmission of multiple periodic CSI in one subframe should be supported based on the new PUCCH Format in enhanced CA.
· HARQ+CSI
In Rel-11, multiple CCs’ HARQ-ACK and one CCs’ periodic CSI can be simultaneously transmitted on PUCCH format 3. Since both HARQ-ACK and periodic CSI are less desirable to be dropped in case of large number of aggregated CCs, simultaneous transmission of multiple CCs’ HARQ-ACK and multiple CCs’ periodic CSI in one subframe should be reconsidered. 
Proposal 3: Simultaneous transmission of multiple CCs’ HARQ-ACK and multiple CCs’ periodic CSI in one subframe should be reconsidered based on the new PUCCH Format in CA with up to 32 CCs.
· SR
SR is transmitted by PUCCH format 1 in PCell in existing CA. The mechanism for transmission of SR in existing CA can be reused in CA with up to 32 CCs. For new PUCCH format, the multiplexing of SR can be similar as that in format 3.
Proposal4: Current mechanism for transmission of SR can be reused in CA with up to 32 CCs.
3. Conclusion
We analyze the function enhancement on UCI to support up to 32 aggregated CCs in this contribution. As conclusion, following proposals are given:
Proposal 1: RAN1 should introduce new mechanism or enhancements to support massive HARQ-ACK feedback in CA with up to 32 CCs.
· Full feedback and HARQ-ACK compression should also be supported.
· Introduction of DL DAI in CC domain should be considered.
· Enhancement of HARQ-ACK on PUSCH should be investigated.
Proposal 2: Simultaneous transmission of multiple periodic CSI in one subframe should be supported based on the new PUCCH format in enhanced CA.
Proposal 3: Simultaneous transmission of multiple CCs’ HARQ-ACK and multiple CCs’ periodic CSI in one subframe should be reconsidered based on the new PUCCH format in CA with up to 32 CCs.
Proposal4: Current mechanism for transmission of SR can be reused in CA with up to 32 CCs.
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