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1. Introduction

In RAN1 #61bis meeting, many issues on UCI transmission on PUSCH for carrier aggregation have been discussed. In this document, we share our views on two problems:
· PUSCH selection for UCI transmission
This involves which PUSCH carries UCI in case of multiple PUSCHs when UCI transmission on PUSCH occurs.
· Triggering of aperiodic CSI reporting
This involves the number of possible triggers for aperiodic CSI reporting and which DL CC(s) an aperiodic report relates to.
2. Discussion 

2.1. PUSCH selection for UCI transmission
In RAN1 #61bis meeting, the following with respect to PUSCH selection for UCI transmission have been agreed:
· The choice of PUSCH in the following cases are FFS:

· aperiodic CSI

· SPS

· non-adaptive retransmissions

· small PUSCH payloads

· In all other cases, if the UE has a PUSCH transmission on PCC, then any UCI on PUSCH is carried on PCC.

· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on PCC:

· Then any UCI on PUSCH is carried on one PUSCH on SCC

This issue has been discussed in many contributions [1]~[8] and there are basically two approaches. One is to configure a UL CC priority order for UCI piggyback such that the UE shall select the PUSCH on the highest ranked UL CC to convey the UCI. The other is to apply a rule for selecting PUSCH with UCI.
No matter which approach is applied, the most important thing is to make the eNB know which PUSCH carries UCI and which type of UCI (periodic/aperiodic/periodic+aperiodic CSI report) is transmitted on that PUSCH. That’s because it is impossible to detect the existence of UCI when CRC is not inserted. Unfortunately, when ACK/NACK and/or RI and/or a small payload of CQI/PMI are transmitted on PUSCH, there is no CRC attached to them. That means most of the time without any additional mechanism the eNB cannot exactly know whether a PUSCH carries UCI and whether UCI is decoded correctly or not. 
If there is no consistent understanding of which PUSCH carries UCI between eNB and  UE, the eNB would choose a wrong PUSCH to decode and receive the UCI. This kind of error case occurs when the UE missed a UL grant while the eNB treats the PUSCH scheduled by this missed UL grant as the one carrying UCI.
Likewise, if the eNB and the UE have different understanding of which type of UCI is reported on the selected PUSCH, the eNB cannot decode and receive UCI completely and correctly, either. This kind of error case occurs when the UE misses a UL grant with a positive CQI request.

Note that UCI not only affects downlink capacity a lot, but UCI transmitted on PUSCH also affects uplink capacity, since these errors could result in both downlink and uplink retransmission. Although the eNB can avoid these errors by PUSCH DTX detection, e.g. based on DM RS, it is best to let the eNB make use of the apriori information of the PUSCH selection for UCI transmission as much as possible. For example, the UE should always select the PUSCH scheduled by UL grant with a positive CQI request for UCI transmission. In the absence of aperiodic CSI reporting, PUSCH dynamically scheduled by a UL grant should be chosen. Then the eNB can schedule appropriate MCS and TB size for the intended PUSCH more easily. This is also inline with the principle that the eNB is in ultimate control of the transmissions.
One problem is the number of possible triggers for aperiodic CSI reporting. If multiple triggers for aperiodic CSI reporting coincide in same subframe, UE should determine one of PUSCHs scheduled by the UL grants with a positive CQI request to transmit UCI.
In addition, in Rel-8/9, the eNB can trigger an aperiodic CSI report without UL-SCH data by setting CQI request = 1, IMCS = 29 and NPRB ≤ 4 in DCI format 0. If a similar mechanism is used in Rel-10, and if the UE doesn’t select this kind of PUSCH to transmit UCI, how to handle this PUSCH without UL-SCH data would be a problem. So it is proposed that the UE should always select the PUSCH without UL-SCH data and scheduled by UL grant with a positive CQI request for UCI transmission. And there is at most one trigger for aperiodic CSI reporting  without UL-SCH data for a UE in one subframe. 
Of course if we restrict that there is at most one trigger for aperiodic CSI reporting for a UE in one subframe, there would be no problem like that. As mentioned before, the eNB has to perform PUSCH DTX detection to figure out whether any trigger for aperiodic CSI reporting is missed, so at most one trigger in one subframe seems favourable.
Herein a hierarchical way is proposed in case of multiple PUSCHs. Here we assume multiple triggers for aperiodic CSI reporting are possible for a UE in one subframe.
When aperiodic CSI reporting is triggered, PUSCH scheduled by the corresponding UL grant with a positive CQI request is chosen to transmit at least the aperiodic CSI reporting; if there are multiple triggers for aperiodic CIS reporting, i.e. multiple UL grants with a positive CQI request, 
· PUSCH without UL-SCH data and scheduled by UL grant with a positive CQI request, if exists, is selected for UCI transmission;
· otherwise PUSCH scheduled by UL grant with a positive CQI request on the highest ranked UL CC is chosen;
When aperiodic CSI report is not triggered, 

· if there is at least one PUSCH transmission dynamically scheduled by a UL grant, dynamically scheduled PUSCH is chosen to carry UCI piggyback; if there are multiple dynamically scheduled PUSCHs, i.e. multiple UL grants, PUSCH scheduled on the highest ranked UL CC is chosen;

· if there is no dynamically scheduled PUSCH, i.e. only SPS PUSCH and/or non-adaptive PUSCH retransmission, PUSCH transmitted on the highest ranked UL CC is used.
As indicated by some contributions [2]

 REF _Ref269715281 \r \h 
[4], scheduling multiple PUSCH transmission for a UE implies that the UE is in a good geometry and is not expected to be power limited. In other words. when simultaneous PUSCH+PUCCH transmission is not supported for a UE, the UE is most likely to transmit on a single CC or at least be scheduled only a single PUSCH. Then it would not be frequently used to choose a PUSCH conveying periodic CSI report among multiple PUSCHs. Another use case is for multiple aperiodic CSI reporting triggers, which is not preferred in our view. So basically a simple solution to the selection of PUSCH with UCI is more desirable.
2.2. Triggering of aperiodic CSI reporting
In RAN1 #61bis meeting, the following with respect to triggering for aperiodic CSI reporting have been left FFS:
· which DL CC(s) an aperiodic CSI report relates to.

· the number of possible triggers for aperiodic CSI and the DL CC(s) to which they relate is FFS. 
As stated in [9]

 REF _Ref269115455 \r \h 
[10]

 REF _Ref269115456 \r \h 
[11], multiple aperiodic CSI reports corresponding to multiple DL CCs in one subframe have been proposed. It can be realized in two ways. One is to allow multiple triggers for aperiodic CSI reporting in one subframe and each of them triggers one CSI report corresponding to a single DL CC,, i.e. one-to-one triggering. The other is one-to-many triggering, which facilitates multiple aperiodic CQI reports corresponding to multiple DL CCs upon a single trigger. The main benefits from one-to-many triggering are less reporting delay and less triggering overhead. Considering a use case of heavily asymmetrical downlink/uplink load, the eNB has much downlink data and schedules multiple DL CCs for a UE. Then the eNB may trigger the UE to feedback CSI report for multiple DL CCs. But the UE has few uplink data to transmit. In that case, one-to-one triggering is obviously not an efficient way to trigger aperiodic CSI reporting.  
Furthermore, as pointed in [9], the eNB cannot trigger an aperiodic CSI report for a DL CC configured/activated for a UE but whose linked UL CC is not configured/activated for the same UE. Although the problem can be solved by cross-carrier triggering an aperiodic CSI report using CIF bits when cross-carrier scheduling is configured, when cross-carrier scheduling is not configured, i.e. no CIF bits, something must be done. For example, the DL CC(s) without linked UL CC(s) can be bundled with a specific DL CC, e.g. DL PCC and upon an aperiodic CSI report trigger for that specific DL CC, UE would feedback CSI reports for them all.
Besides, in Rel-8/9, when periodic and aperiodic CSI reporting meet, periodic CSI reporting is dropped. But in Rel-10, a periodic CSI report and an aperiodic CSI report are likely to feedback in one subframe for different DL CCs. There is no reason to drop either of them.
From the above, multiple CSI reports in one subframe seems inevitable.
However, as there is already periodic CSI reporting, aperiodic CSI reporting is just a complementary and optimization method. To feedback CSI report for all active DL CCs of a UE upon every trigger could be unnecessary and a waste of uplink resource. High overhead may also degrade uplink signaling/data performance and uplink capacity. So it is proposed that the eNB configure (by higher layer signalling) or indicate (by dynamic L1/L2 control signalling)  a UE to feedback one CSI report for one DL CC or multiple CSI reports for multiple DL CCs in one subframe upon one trigger.
3. Conclusions

In this contribution, two aspects of UCI transmission on PUSCH in LTE-A are discussed. We have the following proposals:
Proposal 1: A hierarchical way is proposed for PUSCH selection for UCI transmission. 
In case of multiple PUSCHs the UE should always select the PUSCH scheduled by UL grant with a positive CQI request for UCI transmission. In the absence of aperiodic CSI reporting, PUSCH dynamically scheduled by a UL grant should be chosen. 

In case of multiple triggers for aperiodic CIS reporting, PUSCH without UL-SCH data and scheduled by UL grant with a positive CQI request, if exists, is selected for UCI transmission; otherwise PUSCH scheduled by UL grant with a positive CQI request on the highest ranked UL CC is chosen. 

If there are multiple dynamically scheduled PUSCHs, PUSCH scheduled on the highest ranked UL CC is chosen; if there is no dynamically scheduled PUSCH, PUSCH transmitted on the highest ranked UL CC is used.
Proposal 2: The eNB configures or indicates a UE to feedback one CSI report for one DL CC or multiple CSI reports for multiple DL CCs in one subframe upon one trigger.
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