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1 Introduction

At the previous RAN1 meetings [1][2] and during the email discussion [3], issues on concurrent A/N+periodic CSI transmission with simultaneous PUCCH+PUSCH configured and at least one PUSCH were actively debated. Generally, there are two categories of solution candidates, as summarised below [3]:

1) PUCCH-only (Alt 2):

· 2b - drop some CSI

· If Simultaneous-AN-and-CQI = True

· In case of CA, drop all CSI

· In case of no CA, use PUCCH format 2a/2b

· If Simultaneous-AN-and-CQI = False

· Drop all CSI

· 2c - drop some CSI

· Multiplexing CSI with ACK/NAK based on the type of the CSI feedback using Rel-8 priority rules (e.g., RI > wideband CQI > subband CQI), and the availability of PUCCH capacity (e.g., for format 3, up to 21 bits)

· 2d - drop some CSI

· If Simultaneous-AN-and-CQI = True

· In both cases of CA or no CA, use PUCCH format 2/2a/2b

· If Simultaneous-AN-and-CQI = False

· Drop all CSI

· 2e:

· If simultaneousAckNackAndCQI is false
· Drop all CQI on PUCCH and transmit the A/N only
· If simultaneousAckNackAndCQI is True

· Dropping some CQI, such as 3-bit spatial differential CQI. A/N spatially bundling can also be considered.
· PUCCH Format 2/2a/2b is used in case of Format 1b with channel selection for ACK/NACK

· PUCCH Format 3 is used in case of Format 3 for ACK/NACK
2) PUCCH+PUSCH (Alt 3, 5, 6, 8)

· Alt 3: Periodic CQI/PMI/RI on PUSCH and ACK on PUCCH
· Alt 5: Periodic CQI/PMI/RI on one of PUCCH/PUSCH (configured by RRC) and ACK on the other
· Alt 6: UCI transmission on PUCCH is the same as in the case of PUCCH only. The CSI dropped from PUCCH (if any) is piggybacked on PUSCH.
· Alt 8 : (to be supported as a special case in addition to one of the other Alternatives)
· If the UE has 2 A/N bits to transmit and if “Simultaneous-AN-and-CQI = True” --> use PUCCH format 2a/2b
Currently, which category of the two as well as which alternative in the corresponding category should be selected are yet to be determined. In this contribution, our recommendations on this issue are provided.

2 ‘PUCCH-only’ schemes
The PUCCH-only (Alt 2) method maximises the backward compatibility to Rel-8/9, which will significantly reduce implementation complexity. Additionally, the PUCCH-only method minimises the overhead on PUSCH transmissions, which in turn maximises the data rate. Most importantly, it enables complete decoupling of control and data information. This can be beneficial for applications in future releases, such as CoMP, which may require the UE to simultaneously transmit control information to one eNB and data to another.

Under the PUCCH-only category, there are a few detailed options.

· Alt 2b: In this option, the amount of periodic CQI that will have to be dropped depends on the PUCCH resource used by the A/N information. In the case of all available resource is reserved for A/N, all periodic CQI will be dropped. However, the eNB can still schedule aperiodic CSI requests, which mitigates the issue of insufficient CQIs.
· Alt 2c: Although this priority-based method may solve collisions due to multiple CSI transmissions, it does not solve the problem of simultaneous A/N plus periodic CSI. If Format 3 can be used to accommodate CSI in FDD, the above issue may be mitigated, which however needs additional standardisation efforts. On the other hand, it is impossible to completely resolve the problem in TDD, even if Format 3 is standardised to carry CSI.

· Alt 2d: Since the capacity of Format 2/2a/2b is relatively low, frequent cross-CC A/N bundling may be needed in TDD. Therefore, in case the bundled A/N is lost, a larger amount of retransmissions in comparison to Rel-8/9 would be required, and thus inevitably reduces the effective system throughput.

· Alt 2e: This option is more complicated than the others, since it involves both CQI dropping and A/N bundling. Naturally, the eNB has to determine how many CQI bits are dropped, which imposes further implementation complexity.

Based on the above analysis, Alt 2b appears to be simple and straightforward from implementation perspective, while having affordable drawbacks. Furthermore, it maintains the consistency with the case that when simultaneous transmission of PUCCH and PUSCH is not configured, periodic CQI is dropped if it collides with A/N [4]. Therefore, we suggest that:

Proposal 1: Alt 2b is preferred to other PUCCH-only schemes as a baseline solution.
· Alt 2b - drop some CSI

· If Simultaneous-AN-and-CQI = True

· In case of CA, drop all CSI

· In case of no CA, use PUCCH format 2a/2b

· If Simultaneous-AN-and-CQI = False

· Drop all CSI

3 Combination of PUCCH-only and PUCCH+PUSCH schemes
However, a PUCCH-only scheme has the issue of dropping part of the CSIs. Such a disadvantage can be mitigated by employing concurrent transmissions on PUCCH and PUSCH. This combined scheme can therefore minimise the QoS degration and balance the load on PUCCH and PUSCH as well. However, if the UE misses the UL grant and thus only transmits UCI on PUCCH, which is indeed a PUCCH-only case, the eNB will still try to decode the PUSCH, resulting in an unnecessary detection complexity. Nonetheless, such a behaviour of the eNB would not have negative impact on the transmitted PUCCH, since the PUCCH decoding is conducted as expected anyway. In this specific scenario (i.e.UE missing UL grant), the UE can still apply a chosen PUCCH-only method.

Hence, it makes sense to consider a carefully selected combination of the PUCCH-only and the PUCCH+PUSCH methods.

Proposal 2: For simultaneous A/N and periodic CSI transmissions, a combination of PUCCH-only and PUCCH+PUSCH methods as follows is recommended:
· If simultaneousAckNackAndCQI = False
· Drop all CQI on PUCCH and transmit the A/N only
· If simultaneousAckNackAndCQI = True

· If UL grant is detected, Alt 3 is applied: A/N on PUCCH + periodic CSI on PUSCH

· If no UL grant or UL grant is missed, Alt 2b is applied: A/N on PUCCH and all CSI is dropped

In addition, Alt 8 should be supported as a special case when the UE has 2 A/N bits, which is similar to the scenario of Rel-8/9.

Proposal 3: As a special case, Alt 8 should be supported in addition to the above proposals:
· Alt 8: If the UE has 2 A/N bits to transmit and if “Simultaneous-AN-and-CQI = True” -> use PUCCH format 2a/2b
4 Conclusion

In this contribution, we have evaluated some possible solutions for solving the issue of concurrent A/N+periodic CSI transmission with simultaneous PUCCH+PUSCH channels. Our preferences are summarised as follows:

Proposal 1: Alt 2b is preferred to other PUCCH-only schemes as a baseline solution.
· Alt 2b - drop some CSI

· If Simultaneous-AN-and-CQI = True

· In case of CA, drop all CSI

· In case of no CA, use PUCCH format 2a/2b

· If Simultaneous-AN-and-CQI = False

· Drop all CSI

Proposal 2: For simultaneous A/N and periodic CSI transmissions, a combination of PUCCH-only and PUCCH+PUSCH methods as follows is recommended:
· If simultaneousAckNackAndCQI = False
· Drop all CQI on PUCCH and transmit the A/N only
· If simultaneousAckNackAndCQI = True

· If UL grant is detected, Alt 3 is applied: A/N on PUCCH + periodic CSI on PUSCH

· If no UL grant or UL grant is missed, Alt 2b is applied: A/N on PUCCH and all CSI is dropped

Proposal 3: As a special case, Alt 8 should be supported in addition to the above proposals:
· Alt 8: If the UE has 2 A/N bits to transmit and if “Simultaneous-AN-and-CQI = True” -> use PUCCH format 2a/2b
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