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1. Introduction
In this contribution, we present our views on the UL control enhancements for LTE CA of up to 32 CCs. The potential use-cases described in [1] are taken into account for the discussion.
2. New UCI feedback on PUCCH on PCell only
2.1. Enhancements to HARQ-ACK feedback
Increasing the maximum number of HARQ-ACK bits per PUCCH is necessary for Rel.13 CA with more than 5 CCs. There are many possible candidate solutions to increase the payload of PUCCH such as multi-PRB, multi-code, spreading factor reduction, higher-order modulation, coding rate reduction, PUSCH-based transmission, etc. Each solution may have different required UL SINR values for possible numbers of HARQ-ACK bits. The question is whether the potential solutions can support possible numbers of HARQ-ACK bits within a reasonable range of UL SINR. This can be evaluated by link-level simulations (number of HARQ-ACK bits vs required UL SINR).
Before comparing and discussing the potential solutions, common understanding on the above-mentioned possible numbers of HARQ-ACK bits and the reasonable range of UL SINR had better to be established. The reasonable range of UL SINR can be determined based on the UL SINR CDF evaluation with the assumption discussed in [80-02]. There could be different desirable ranges for different use-cases [1]. For a use-case targeting to support relatively smaller number of CCs (i.e., use-case 1 described in [1]), continuous increases of the required UL SINR and the number of HARQ-ACK bits from those of the legacy PUCCH format 3 are essential need. Especially, smaller gap on the required UL SINR between the new solution and the legacy PUCCH format 3 makes introduction of Rel.13 CA with more than 5 CCs easier. For the use-case targeting to very wide bandwidth (i.e., use-case 2 described in [1]), the target number of HARQ-ACK bits is larger. Therefore, some gap on the required UL SINR from the legacy PUCCH format 3 can be allowed. 
Once the possible numbers of HARQ-ACK bits and the reasonable range of UL SINR are determined, actual solution(s) should be selected. This should be done not only based on the required UL SINR but also other metrics such as system overhead, UE multiplexing capability, backward compatibility, PAPR, etc, depending on the target use-case. For the use-case 1 in [1], smaller number of HARQ-ACK bits could be sufficient, but the system overhead, UE multiplexing capability, and/or backward compatibility, would be important, considering the PUCCH cell is typically shared with the legacy CA UEs. On the other hand, for the use-case 2 in [1], supporting larger number of HARQ-ACK bits is more prioritized; unless HARQ-ACK bundling is required, any solution may be applicable for this use-case.

Proposal 1:
· RAN1 should firstly determine the possible numbers of HARQ-ACK bits and the corresponding UL SINR range.
· Potential use-cases should be taken into account.
· Actual solution should be selected not only based on the UL SINR, but also based on other factors such as system overhead, UE multiplexing capability, backward compatibility, etc.
If it appears impossible to support the maximum possible number of HARQ-ACK bits with the reasonable UL SINR, HARQ-ACK bundling needs to be performed. Even if HARQ-ACK bundling is found to be required, its impact to the whole CA operation should be minimized. It is not reasonable to consider that adding more CCs always degrades the DL throughput performance of already used CCs, especially PCell (and SCells having SCellIdex of #1~#4). Therefore, even if deemed necessary, HARQ-ACK bundling needs to be carefully investigated so that its impact to the whole CA operation can be minimal.

Proposal 2:

· Once HARQ-ACK bundling is identified to be necessary, the solution should carefully be investigated especially considering the following.
· HARQ-ACK bundling due to adding more number of CCs should not have negative impact to the DL throughput of PCell (and SCells having ScellIndex of #1~#4).

2.2. Enhancements to periodic CSI reporting

Periodic CSI reporting is important to inform wideband CSI information periodically and to inform at which timing the UE activates the SCell (during pre-activation of a SCell the UE transmits out-of-range (OOR) but once it is activated, the UE transmits a valid CSI). However, in the current specifications, if the UE is configured with more than one serving cell, the UE transmits a CSI report of only one serving cell in any given subframe. As the number of CCs increases, P-CSI periodicity for each CC needs to be longer. This restricts the flexibility of P-CSI reporting not only for the newly added CCs, but also for the CCs already used, e.g., the PCell and SCells with smaller values of SCellIndex (e.g., SCellIndex #1~#4). It is not meaningful to consider that adding more than 5 CCs degrades the performance/operational flexibility of the PCell (and SCells with SCellIndex #1~#4).
We consider that P-CSI reporting for multiple CCs in one PUCCH should be supported with a reasonable specification impact. As described above, configuring more than 5 CCs should not have negative impact to the performance of the PCell and SCells with smaller values of SCellIndex (e.g., SCellIndex #1~#4). One possible way is to exploit the new PUCCH with the large payload to be specified for HARQ-ACK; P-CSI for multiple CCs is transmitted using the new PUCCH with the large payload in case when the PUCCH is transmitted and sufficient payload is available for P-CSI reporting.
Proposal 3:
· Periodic CSI reporting for multiple CCs on a PUCCH transmission is supported.
· FFS on which condition it is applicable.
· FFS how many periodic CSI reports can be multiplexed on a PUCCH transmission.
3. New UCI feedback on PUSCH on one CC

3.1. Enhancements to UCI piggyback on PUSCH

Similar to PUCCH, UCI payload increase is required for UCI piggyback on PUSCH. Unlike PUCCH, maximum UCI payload could be easily scalable according to the PUSCH resource allocation. The solutions on coding scheme and RE mapping for the increased UCI payload are expected to be identified easily for the case when the effective coding rate for data is sufficiently low and sufficient amount of PUSCH resource is allocated. The question is whether/how to support large UCI payload transmission when the effective data coding rate is high or the amount of PUSCH resource is small. In general, it can be assumed that a UE receiving DL data with a very large number of CCs is most likely to have a large amount of UL data to feedback TCP-ACK in addition to MAC/RLC ACK. Therefore, at least for the use-case 2 in [1], eNB can avoid allocating a small amount of PUSCH resource for a UE; eNB can schedule a large amount of PUSCH resource to the UE whenever UL transmission is required. 
In case of CA scenario 4, UL-CA non-capable UEs need to transmit such large PUSCH on the PCell (= macro cell) and hence, the PCell UL overload will be a serious problem. Switching PCell to the small cell can solve the UL overload problem, but it loses mobility robustness. For the UE capable of UL-CA (and PUCCH on SCell), UL data and UCI can easily be offloaded to the small cell.
Proposal 4:

· Problem of UCI on PUSCH should be further investigated with taking into account the following.

· Potential use-cases of CA with more than 5 CCs.

· Realistic assumption of PUSCH resource allocation for the UEs.
3.2. Enhancements to aperiodic CSI reporting
Current specification supports up to 5 serving cells for each value of the CSI request field in a UL grant. For supporting 32 CCs, it is crystal clear that at least one of the following options needs to be adopted.
Option 1: Increase the number of serving cells for which a UE reports aperiodic CSI
For example, configuring aperiodic CSI report for up to 16 serving cells for each value of the CSI request field is considered. This would be simpler from RAN1 specification point of view, but would have a concern on the lower flexibility of aperiodic CSI. Every time aperiodic CSI for multiple serving cells is triggered, UE reports aperiodic CSI for 16 serving cells. eNB needs to allocate sufficient amount of PUSCH resources for every case of aperiodic CSI reporting because of the large overhead. In addition, impact on UE complexity for triggering aperiodic CSI report with up to 16 serving cells needs to be investigated. 
Option 2: Increase the number of CSI request field bits in a UL grant
If the CSI request field bits becomes 3 bits, up to 6 sets of serving cells can be configured using the trigger bit states ‘010’~’111’. If the maximum number of serving cells that can be configured for each value of CSI request field is kept 5, up to 31 serving cells can be configured using 3 bits CSI request field. As the number of CSI request field bits increases, the flexibility improves. However, its specification impact would not be marginal. 
Option 3: Increase the number of sets for aperiodic CSI based on a side information

Even if the CSI request field is kept 2 bits, the number of CSI request ‘states’ can be increased by exploiting side condition/information. For example, the CSI request field can be interpreted differently based on which serving cell the aperiodic CSI is triggered. For the option 3, various different sub-options can be considered. This option may not be optimal from the viewpoints of flexibility and specification impact, but can be a compromise between the option 1 and option 2. 
Proposal 5:
· Aperiodic CSI reporting is enhanced to support up to 32 CCs.
· Trade-off between flexibility and specification/implementation impact of potential options should be analyzed.
4. Other enhancements

4.1. Enhancements to PUCCH on SCell for more than 5 CCs

In the last RAN1 meeting, following agreements were achieved [2].

	Agreements:
· RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.

· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell

· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported
· FFS: more than two PUCCH cell groups case


We consider that two PUCCH cell-groups for up to 32 CCs can be realized by the combination of PUCCH on SCell (to be specified according to the first objective in the WID) and the new UCI feedback on PUCCH on PCell only and PUSCH on one CC (to be specified as part of the second objective in ths WID). For the number of PUCCH cell-groups supported for up to 32 CCs, we think two can be a working assumption at this stage. RAN1 can agree that the maximum number of PUCCH cell-groups is 2, unless strong motivation to support more than two PUCCH cell-groups is identified in later phase.

Proposal 6:

· Set a working assumption that the maximum number of PUCCH cell-groups configured for a UE is 2.
Note that CA with more than 5 CCs can also be realized by using a combination of existing PUCCH formats and PUCCH on SCell. For example, by using PUCCH format 3 on both PCell and PUCCH SCell, up to 10 CCs can be supported. Regarding UCI on PUSCH, it is up to the decision of UCI on PUSCH mechanisms for PUCCH on SCell with up to 5 CCs [3]. If it is per-CG basis, up to 10 CCs can be realized by applying existing UCI on PUSCH on each CG. If it is per-UE basis, more than 5 CCs requires new UCI on PUSCH mechanisms. 

Proposal 7:

· For UL-CA capable UEs, PUCCH on SCell for more than 5 CCs is realized by one of the following.
· Combination of 
· PUCCH on SCell for up to 5 CCs, and

· New UCI feedback on PUCCH on PCell only and PUSCH on one CC to be specified for up to 32 CCs.
· Combination of 
· PUCCH on SCell for up to 5 CCs, and

· PUCCH on PCell only with existing PUCCH formats.
· UCI on PUSCH is up to the decision for PUCCH on SCell.
4.2. Increased no. of CCs for TDD DL-reference UL-DL configurations on PCell
TDD operation has further limitations on the maximum number of CCs in the legacy CA. It is up to 2 in case of TDD-CA with DL-reference UL-DL configuration #5, and up to 2, 3, and 4, in case of TDD-FDD CA with TDD-PCell DL-reference UL-DL configuration #5, #4 and #3, and #2, respectively. It is natural to extend the maximum numbers of CCs on these CA operations in Rel.13 CA. This should be realized by PUCCH on SCell and/or the new UCI feedback on PUCCH on PCell only and PUSCH on one CC. The maximum number of supportable CCs on these TDD operations by the solution for UL-CA non-capable UEs is up to the discussion on the UL SINR CDF.
Proposal 8:

· Increased number of CCs for particular TDD DL-reference UL-DL configurations with limited number of CCs in TDD-CA and TDD-FDD CA with TDD-PCell should be realized by one of the following.
· New UCI feedback on PUCCH on PCell only and PUSCH on one CC for both UL-CA non-capable UEs and UL-CA capable UEs.
· FFS: How many CCs are supported for these TDD cases.
· For UL-CA capable UEs, combination of 
· PUCCH on SCell for up to 5 CCs, and 
· New UCI feedback on PUCCH on PCell only and PUSCH on one CC to be specified for up to 32 CCs.
· For UL-CA capable UEs, combination of

· PUCCH on SCell for up to 5 CCs, and 
· PUCCH on PCell only with existing PUCCH formats.
· UCI on PUSCH is up to the decision for PUCCH on SCell.
5. Conclusion
In this contribution, we discussed UL control signalling enhancements for CA of up to 32 CCs and proposed the following.
Proposal 1:

· RAN1 should firstly determine the possible numbers of HARQ-ACK bits and the corresponding UL SINR range.
· Potential use-cases should be taken into account.

· Actual solution should be selected not only based on the UL SINR, but also based on other factors such as system overhead, UE multiplexing capability, backward compatibility, etc.
Proposal 2:

· Once HARQ-ACK bundling is identified to be necessary, the solution should carefully be investigated especially considering the following.
· HARQ-ACK bundling due to adding more number of CCs should not have negative impact to the DL throughput of PCell (and SCells having ScellIndex of #1~#4).

Proposal 3:

· Periodic CSI reporting for multiple CCs on a PUCCH transmission is supported.
· FFS on which condition it is applicable.

· FFS how many periodic CSI reports can be multiplexed on a PUCCH transmission.
Proposal 4:

· Problem of UCI on PUSCH should be further investigated with taking into account the following.

· Potential use-cases of CA with more than 5 CCs.

· Realistic assumption of PUSCH resource allocation for the UEs.
Proposal 5:

· Aperiodic CSI reporting is enhanced to support up to 32 CCs.

· Trade-off between flexibility and specification/implementation impact of potential options should be analyzed.
Proposal 6:

· Set a working assumption that the maximum number of PUCCH cell-groups configured for a UE is 2.
Proposal 7:

· For UL-CA capable UEs, PUCCH on SCell for more than 5 CCs is realized by one of the following.
· Combination of 
· PUCCH on SCell for up to 5 CCs, and

· New UCI feedback on PUCCH on PCell only and PUSCH on one CC to be specified for up to 32 CCs.
· Combination of 

· PUCCH on SCell for up to 5 CCs, and

· PUCCH on PCell only with existing PUCCH formats.

· UCI on PUSCH is up to the decision for PUCCH on SCell.
Proposal 8:

· Increased number of CCs for particular TDD DL-reference UL-DL configurations with limited number of CCs in TDD-CA and TDD-FDD CA with TDD-PCell should be realized by one of the following.
· New UCI feedback on PUCCH on PCell only and PUSCH on one CC for both UL-CA non-capable UEs and UL-CA capable UEs.
· FFS: How many CCs are supported for these TDD cases.
· For UL-CA capable UEs, combination of 
· PUCCH on SCell for up to 5 CCs, and 
· New UCI feedback on PUCCH on PCell only and PUSCH on one CC to be specified for up to 32 CCs.
· For UL-CA capable UEs, combination of

· PUCCH on SCell for up to 5 CCs, and 
· PUCCH on PCell only with existing PUCCH formats.
· UCI on PUSCH is up to the decision for PUCCH on SCell.
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