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1. Introduction

RAN1 #66bis UL control enhancements for CA was discussed the following was then captured in the minutes

Potential UL control signalling issues for consideration include:

· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 

Aim to decide at RAN1#67 which issues to pursue, based on evaluations of the gain and the trade-off analyses, including for scenarios with >2 aggregated CCs

In this contribution we provide a high level overview of all the different enhancement areas and provide a way forward on each individual area.

2. Discussion

2.1. Multiple periodic CSI in a subframe

In [1] evaluation results are presented together with an analysis whether it is beneficial to support multiple periodic CSI in a subframe from a CA perspective. It is shown in the evaluation that periodic CSI dropping can be mitigated by smart configuration of the periodic CSI reporting occasions, i.e. by setting NOFFSET,CQI  different for each cell, and by the use of aperiodic CSI reports on PUSCH. 

Proposal

· No scheme is specified to allow multiple periodic CSI reports to be reported in a single subframe

2.2. Periodic CSI + HARQ-ACK in a subframe

In [1] evaluation results are presented together with an analysis that show the impact of dropping periodic CSI reports due to collision with HARQ-ACK. It is show in that the user throughput loss due to dropping is in 8% in median. Hence, there can be a performance benefit to be able to feed back periodic CSI  and multi-cell HARQ-ACK within one subframe, especially since this type of collisions may occur frequently for large sets of aggregated carriers together with some of the more particle TDD UL/DL configurations.

Trade-off Analysis

The scenario for supporting periodic CSI + multi cell HARQ-ACK is if the UE aggregate multiple component carriers and when it is scheduled on multiple component carriers. The direct benefit of supporting a joint PUCCH format for periodic CSI and multi cell HARQ-ACK is that the eNB will be able to do more accurate scheduling and link adaption for the UE and by that increase the UE throughput of around 10%. The drawback with this is that there will be an additional scheme that will be needed to be supported in UEs and to perform tests on. The workload impact on the working groups in 3GPP is:

· RAN1 would need to design how periodic CSI + HARQ-ACK is multiplexed. 

· RAN2 would need to define the RRC signaling to turn on or off the scheme and potentially any other signaling that relate to the approved scheme.

· RAN3 no impact

· RAN4 define potentially performance requirements, if RAN4 agrees to do that. 
Based on this trade-off analysis we propose the following
Proposal

· A scheme to feed back simultaneous periodic CSI for one cell and multi-cell A/N in PUCCH should be supported

In order to capitalize on already existing building blocks and possibly minimize specification impact it is preferable to evaluate a new PUCCH format supporting simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI that is reusing these building blocks. 

In the new format, it can be assumed that the bits of each feedback type are encoded using its own RM coder. In total 48 bits coded bits can be transmitted with PUCCH format 3, which are distributed among the coded HARQ-ACK and periodic CSI bits. To rate match the individuals code blocks into a total size of 48 bits each individual code is punctured or cyclically rate matched to obtain in total 48 coded bits. The number of coded HARQ-ACK bits and the number of coded periodic CSI bits is determined by the number of HARQ-ACK bits which is determined by CA configuration and transmission mode. For FDD, no bundling but full HARQ-ACK feedback can be assumed. If the remaining bits allocated to periodic CSI feedback are too few to enable transmission of the full periodic CSI report only the most important parts of the periodic CSI report are transmitted. 

An interleaver ensures that coded bits of each individual code block are transmitted in both slots to obtain diversity. Extensions to transmit diversity are straight forward and the proposed scheme supports the already defined SORTD scheme. Furthermore, in the discussion of an improved transmit diversity scheme for PUCCH format 3 a potential new use case of PUCCH format 3 to support also periodic CSI+ multi cell HARQ should be kept in mind.
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	Figure 1: PUCCH format supporting multi-cell HARQ-ACK feedback together with single-cell periodic CSI report based on PUCCH format 3.


If the terminal already has a PUCCH format 3 resource assigned and reports multi-cell HARQ-ACK together with periodic CSI it uses the assigned PUCCH format 3 resource (i.e. resource determined by configuration together with ARI contained in PDCCH) but transmits instead of PUCCH format 3 this new format.

Even for terminals not yet configured with a PUCCH format 3 resource (i.e. terminals using PUCCH format 1b with channel selection) we propose to evaluate this mode for simultaneous transmission of multi-cell A/N feedback and single-cell periodic CSI report. This implies that terminals using PUCCH format 1b with channel selection to report stand-alone multi-cell A/N need to be configured with PUCCH format 3 resources for reporting multi-cell A/N feedback together with periodic CSI. 
Proposal 

· For FDD, assume and evaluate a PUCCH format based on format 3 for transmission of multi-cell A/N feedback together with a single-cell periodic CSI report.

2.2.1 Extensions for TDD

The RM codes used in PUCCH format 3 only support up to 11 information bits. Since in the proposal outlined in the previous section HARQ-ACK bits are fed into a single encoder it can be applied to TDD for up to 10 A/N bits. For more than 10 bit HARQ-ACK feedback it is proposed to fall back to the dual RM code design of Rel-10 and drop CSI. 

Proposal

· For TDD, assume the proposed FDD scheme up to 10 A/N bits. For more than 10 A/N bits, assume reuse of the dual RM code design of Rel-10 and drop periodic CSI.
2.3. Periodic CSI + SRS in a subframe

In [2] it is discussed what occurs if periodic and aperiodic SRS is suppose to be transmitted in the same subframe as PUCCH format 2/2a/2b. In case periodic SRS collides with PUCCH format 2/2a/2b the periodic SRS is dropped. In case aperiodic SRS collides with PUCCH format 2 without HARQ-ACK the periodic CSI is dropped, i.e. PUCCH format 2 is not transmitted. In case aperiodic SRS collides with PUCCH format 2a/2b or PUCCH format 2 with HARQ-ACK, aperiodic SRS is dropped.

It is further highlighted in [1] and [2] that the number of reporting occasions for periodic CSI reports will be higher if it assumed that periodic CSI is reported for every DL cell and with the underlying assumption that the UE is aggregated many DL cells. When analyzing the impact of dropping SRS we should consider the use case of the SRS. Assuming that the periodic CSI is report for the purpose of DL link adaptation. The purpose of the SRS is mainly for handling the UL traffic and in that sense the UE will be frequently scheduled on PUSCH. If the UE is scheduled on PUSCH the periodic CSI will in the main case be reported on PUSCH and eNB can then choose to trigger an aperiodic SRS in at least every subframe where a PUSCH is transmitted.

Proposal

· A scheme to support periodic CSI + SRS in the same subframe and from the same cell is not introduced
2.4. Simultaneous PUSCH+SRS

In [3] it is proposed that simultaneous SRS and PUSCH/PUCCH across different component carriers should be allowed. The reason brought forward to support this is the introduction multiple timing advance. The introduction of multiple timing advance will in general affect how UE shares its power between PUSCH on different component carriers and also PUCCH. This as the current specification assumes that the all aggregated UL carriers subframes share the same transmission timing. Hence there is a need because of the introduction of multiple timing advanced to discussion how the UE sets its power on PUSCH and PUCCH transmission that are transmitted on multiple component carriers as well as potentially SRS together with PUSCH and PUCCH. 

Proposal

· Discussion and agree on a solution on how to support simultaneous transmission of PUSCH on multiple component carriers and how to handle simultaneous transmission of PUSCH together with PUCCH on multiple component carrier assuming multiple timing advanced before studying whether and how simultaneous PUSCH/PUCCH + SRS is supported.
In [4] it is given that the maximum difference in reception timing between the set of carriers the UE is aggregating in DL is 30 µs. The typical difference in timing between the UL carriers will be with in this time difference, although not limited to this. Worth to note is that the length of 1 OFDM symbol is about 70 µs. Hence when designing a solution for how PUSCH is transmitted on multiple components with or without PUCCH we should keep in mind that typically the different component carrier can overlap with about 1 SC-FDMA symbol. 
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Figure 2: Multi-carrier system utilizing multiple timing advances
The impact of that the UE changes the transmission power within a PUSCH transmission in one or several SC-FDMA symbols together with that UE is using higher order modulation (e.g. 16 QAM) is that some information bits will not be possible to decode by the eNB. This because the eNB will have the wrong received reference power for those SC-FDMA symbols that does not have the same transmission power as the DM-RS. The eNB will in such a case most likely confuse the constellation points for the different coded bits. Because of this, it is beneficial that the power within a PUSCH transmission is kept constant over the whole subframe.
If a similar analysis is conducted for PUCCH we see that changing the transmission power in one or a few SC-FDMA symbols has the effect that different UEs within the same cell will no longer be orthogonal to each other when the eNB tries to orthogonalize the different UEs. Because of this it is beneficial that the power within a PUCCH transmission is kept constant over the whole subframe.

Proposal

· The UE allocates the same transmission power to all SC-FDMA symbols that a PUSCH is mapped to.

· The UE allocates the same transmission power to all SC-FDMA symbols that a PUCCH is mapped to
2.5. HARQ-ACK bundling

Several contributions during RAN1 #66bis discussed the introduction of an HARQ-ACK bundling scheme in Rel-11 for multi-cell HARQ-ACK. The main reason for such a scheme is that it is shall increase DL throughput, i.e. extend the range that DL carrier aggregation can be performed within. To verify that this is actually the case we shall before agreeing on that HARQ-ACK bundling is supported study the impact of doing HARQ-ACK bundling on the DL throughput based on system evaluations. This work is essentially part of the trade-off analysis in order to determine whether there is any gain with such an approach or not. 

Proposal

· Significant gains in DL throughput performance shall be shown in order to introduce multi-cell HARQ-ACK bundling

3. Conclusion

In this contribution we provide your view on UL control signaling enhancements for the enhanced CA WI in Rel-11, Based on the discussion in the contribution we propose

· No scheme is specified to allow multiple periodic CSI reports to be reported in a single subframe

· A scheme to feed back simultaneous periodic CSI for one cell and multi-cell A/N in PUCCH should be supported

· For FDD, assume and evaluate a PUCCH format based on format 3 for transmission of multi-cell A/N feedback together with a single-cell periodic CSI report.

· For TDD, assume the proposed FDD scheme up to 10 A/N bits. For more than 10 A/N bits, assume reuse of the dual RM code design of Rel-10 and drop periodic CSI.

· A scheme to support periodic CSI + SRS in the same subframe and from the same cell is not introduced

· Discussion and agree on a solution on how to support simultaneous transmission of PUSCH on multiple component carriers and how to handle simultaneous transmission of PUSCH together with PUCCH on multiple component carrier assuming multiple timing advanced before studying whether and how simultaneous PUSCH/PUCCH + SRS is supported.

· The UE allocates the same transmission power to all SC-FDMA symbols that a PUSCH is mapped to.

· The UE allocates the same transmission power to all SC-FDMA symbols that a PUCCH is mapped to

· Significant gains in DL throughput performance shall be shown in order to introduce multi-cell HARQ-ACK bundling
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