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1
Introduction
It was agreed that in the uplink of LTE-A, the simultaneous transmission of uplink L1/L2 control signaling and data is supported through two mechanisms [1]
-
Control signaling is multiplexed with data on PUSCH according to the same principle as in Rel-8/9;
-
Control signaling is transmitted on PUCCH simultaneously with data on PUSCH.
In this paper, we discuss possible UCI transmission options with and without PUSCH presence and rules for control and data multiplexing in Rel-10. We also address SRS transmission rules in CA.
2
Discussion
2.1
UCI Transmission without PUSCH Transmission

In Rel-8/9, if both CQI/PMI/RI, i.e. channel state information (CSI), and ACK are due for transmission, and there is no PUSCH transmission, CQI/PMI/RI and ACK are transmitted on PUCCH using the format 2a/2b if Simultaneous-AN-and-CQI is set to TRUE by higher layers, and otherwise CQI/PMI/RI is dropped. 
The alternatives for Rel-10 UCI transmission in absence of the PUSCH that could be considered include: 

· Drop all CSI and transmit ACK/NACK feedback only
· For carrier aggregation case, the rule could be employed always or only when Simultaneous-AN-and-CQI = False
· Include CSI with ACK/NACK feedback, and drop some CSI if the PUCCH payload is insufficient

· The approach assumes multiplexing of the 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). The rules related to the CSI payload may follow the ones to be defined for CSI feedback without ACK/NACK, e.g. as proposed in [3]

· CSI and ACK/NACK can be jointly coded to form UCI, which is transmitted on the appropriate PUCCH format

· PUCCH format 2a/2b or PUCCH format 3, as per configuration

· For carrier aggregation case, the rule could be employed always or only when Simultaneous-AN-and-CQI = True.

Unlike in the case of CSI report from different CCs colliding, which can be addressed by appropriate configuration, the colliding of CSI report with ACK/NACK feedback is much more dynamic and can not be easily handled.  Note that in the case of heavy DL traffic and rare or no UL data transmission (PUSCH), always dropping the CSI from the UCI transmission on PUCCH will cause significant impact on the CSI feedback. Consequently, significant impact on DL scheduling can be expected. The aperiodic CQI feedback may be utilized, but if used frequently (as anticipated for the mentioned case of DL heavy traffic, when the frequent up-to-date CSI info is needed) it leads to an inefficient operation. As a result, we see the need of allowing the inclusion or partial inclusion of the CSI depending on the type of the channel feedback and the availability of PUCCH capacity.
2.2
UCI Transmission with PUSCH Transmission

At the RAN1#61bis the following was decided in case PUSCH transmission(s) is(are) present: 

· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on primary CC (PCC), any UCI on PUSCH is carried on one PUSCH on secondary CC (SCC)

· If simultaneous PUCCH + PUSCH is not configured and there is at least one PUSCH transmission, all UCI shall be piggybacked on a PUSCH

· If simultaneous PUCCH + PUSCH is configured and there is at least one PUSCH transmission

· UCI can be transmitted on either PUCCH or PUSCH with a dependency on the situation that needs to be further discussed

· All UCI mapped onto PUSCH in a given subframe gets mapped onto a single CC irrespective of the number of PUSCH CCs

· Whether part of UCI gets mapped onto PUCCH and part of UCI gets mapped on to PUSCH in same or different CCs needs to be discussed.

Further decisions at the RAN1#62bis include:

· Enabling simultaneous PUCCH and PUSCH transmissions is UE-specific and configured by higher layer signaling

· When simultaneous PUCCH and PUSCH is configured and there is at least one PUSCH transmission:

· ACK alone (possibly multiple bits)

· ACK is transmitted on PUCCH, and data on PUSCH (no UCI)

· Periodic CQI/PMI/RI alone

· Periodic CQI/PMI/RI is transmitted on PUCCH and data on PUSCH (no UCI).

Referring to the case where simultaneous PUCCH + PUSCH is configured and there is at least one PUSCH transmission, the only remaining open question relates to the case when UCI consists of ANCK/NACK and CSI. For this scenario, it is desirable to decouple the content of UCI and transmit some components on PUCCH and other on PUSCH. In that context, the following scheme should be considered: 

· Highest priority control information is sent on PUCCH, e.g. multi-bit ACK

· Rel-8/9 priorities are as follows (in descending order): ACK = SR > CQI/PMI/RI

· Lower priority control information is transmitted as UCI along with PUSCH, e.g. CQI

· Specific CC is utilized for UCI transmission. 

This approach is beneficial as it would prevent possible frequent dropping of CQI/PMI/RI, impacting the DL transmission on multiple CCs, and at the same time provide for efficient and reliable transmission of ACKs on PUCCH [2]. It takes advantage of the simultaneous PUCCH and PUSCH feature of Rel-10 to provide better control feedback than in the case when simultaneous PUCCH and PUSCH is not supported or configured. Hence, the possible schemes that impose the same UCI treatment as when PUCCH+PUSCH is not configured, can be seen as disadvantageous. 
In line with the previous decision, if PUSCH of the PCC that carries the PUCCH is scheduled, the CQI/PMI/RI would be transmitted on that PUSCH. If there is no PUSCH transmission on the primary CC, CQI/PMI/RI can be transmitted on any other SCC with scheduled PUSCH. The order in which the secondary CCs are considered to carry UCI can be semi-statically signaled, determined based on the best channel quality (scheduled MCS) or payload size on UL. For simplicity, and to avoid any potential ambiguities, we prefer the CC order in which the SCCs are considered for UCI transmission on PUSCH is RRC configured.
The procedure for UCI transmission when PUSCH is present may be summarized as the following:

· Concurrent PUCCH and PUSCH transmission is enabled

· ACK alone (possibly multiple bits)

· ACK is transmitted on PUCCH, and data on PUSCH (no UCI)

· Periodic CQI/PMI/RI alone

· Periodic CQI/PMI/RI is transmitted on PUCCH and data on PUSCH (no UCI)

· ACK (possibly multiple bits) + CQI/PMI/RI 

· CQI/PMI/RI is transmitted on PUSCH and ACK (possibly multiple bits) is transmitted on PUCCH
· If SR is to be multiplexed, buffer status report (BSR) is transmitted on PUSCH
· Concurrent PUCCH and PUSCH transmission disabled

· Complete UCI is multiplexed with PUSCH. 

Regarding the PUCCH detection ambiguity issue and whether it is needed or not to keep the same rule for the PUCCH only and the PUCCH+PUSCH cases, we do not deem necessary to have the same rule for the two cases. The reason is that the eNB already has to perform detection assuming two hypotheses: PUCCH only (if UL grant is missed), or PUCCH+PUSCH (if UL grant is received by the UE). Hence, eNB is fully aware of the UCI multiplexing strategy UE implemented for that subframe, without any additional requirements or ambiguities imposed by defining different and optimized rules for the case of PUCCH only and PUCCH+PUSCH case.  
2.3
Control and Data Multiplexing Rules

It was previously decided that UCI and PUSCH multiplexing in UL MIMO would abide to the following rules: 

· HARQ-ACK and RI are replicated across all layers of both code words (CW) and TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· CQI/PMI is transmitted only on one codeword with Rel-8 multiplexing and channel interleaving mechanisms reused.
Formulas to determine the number of coded modulation symbols 
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 for CQI feedback and HARQ-ACK or rank indicator for a single carrier are already defined in TS 36.212. 
The same formulas defined for single carrier case can be used for carrier aggregation case, as the input to the number of bits O could include the feedback for multiple CCs and/or codewords. This is the simple and straightforward application of the already adopted approach to the multi-CC scenario. 
2.4
SRS Transmission with PUSCH/PUCCH/SRS Transmission

At the previous meeting, it was decided that there will be no simultaneous PUSCH and SRS or simultaneous PUCCH and SRS in the same symbol from the same UE on the same CC.

For the case of PUSCH and SRS on different CCs, the following was considered:

· No simultaneous PUSCH and SRS is transmitted in the same symbol on any CC from the same UE 

· Alt-1-a:

· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC

· Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE

· Alt-1-b: 

· Rate match any PUSCH transmitted in any subframe corresponding to a cell specific SRS subframe configured on any of the (activated?) CCs.

While the Alt-1-b offers potentially smaller SRS dropping rate, it incurs higher overhead if the cell-specific SRS subframes are not aligned across CCs. In other words, the PUSCH is rate matched on all CCs, as opposed to Alt-1-a where it is rate matched only on the subframes of the CCs for which the cell specific SRS is configured. We believe that the SRS dropping rate can be minimized with the appropriate scheduling, and hence the potentially increased overhead of the Alt-1-b is not justified.
Simultaneous PUCCH and SRS can be considered similarly as in Rel-8:

· No simultaneous PUCCH and SRS in the same symbol from the same UE on the same CC or different CCs
· ACK/NACK + SRS

· If Simultaneous-AN-and-SRS for PCC is set to TRUE by higher layers, the shortened format for ACK/NACK is assumed, and SRS can be transmitted on the same subframe. The shortened format is utilized in any subframe corresponding to the cell specific SRS subframe on any of the configured CCs. This allows SRS to be transmitted on any configured CC without dropping
· Otherwise, if Simultaneous-AN-and-SRS for PCC is set to FALSE by higher layers, the SRS transmission on any subframe corresponding to the cell specific SRS subframe on any of the configured CCs is dropped if ACK/NACK transmission occurs in the same subframe 
· CQI  + SRS

· SRS is dropped.

In case of simultaneous SRS on multiple CCs from one UE, following the same mindset as in the previous case of simultaneous PUCCH/PUCCH and SRS and impact to the RAN 4 testing, only one SRS should be transmitted at a time. The priority order should be RRC configured, with the PCC always taking the highest priority. When periodic and aperiodic SRS due at the same time, the aperiodic SRS should take the precedence, as it represents more dynamic and current network need for the particular information.  

3
Conclusions 

In this contribution, we addressed the UCI transmission rules with and without PUSCH presence. In the absence of PUSCH transmission, in order to prevent excessive CSI dropping due to dynamic ACK/NACK feedback, we see the need of allowing the inclusion or partial inclusion of the CSI together with ACK/NACK in UCI depending on the type of the channel feedback and the availability of PUCCH capacity. It was also argued that   when there is at least one PUSCH transmission and UCI consists of ANCK/NACK and CSI, it is desirable to decouple the content of UCI and transmit some components on PUCCH and the other on PUSCH when simultaneous PUCCH and PUSCH transmission is enabled by configuration. This provides the clear benefit of utilizing the Rel-10 feature of concurrent PUSCH and PUCCH, resulting in decreased dropping of the control information than in the case where ACK/NACK + Periodic CSI is restricted to PUCCH with the same behavior as when PUCCH+PUSCH is not configured. We also discussed the details for control and data multiplexing in Rel-10 and SRS transmission rules in CA. Based on that, we propose the following:


·  UCI (including ACK/NACK and CSI) transmission in the absence of PUSCH
· Include CSI with ACK/NACK feedback, and drop some CSI if the PUCCH payload is insufficient

· The multiplexing of the CSI with ACK/NAK is based on the type of the CSI feedback using Rel-8 priority rules (RI > wideband CQI > subband CQI), and the availability of PUCCH capacity
· CSI and ACK/NACK is jointly coded to form UCI, which is transmitted on the appropriate PUCCH format

· PUCCH format 2a/2b or PUCCH format 3, as per configuration

·  UCI (including ACK/NACK and CSI) transmission in the presence of at least one PUSCH and concurrent PUCCH and PUSCH enabled

· CSI is transmitted on PUSCH and ACK/NACK (possibly multiple bits) is transmitted on PUCCH using the configured PUCCH format
· If SR is to be multiplexed, buffer status report (BSR) is transmitted on PUSCH
· Piggy-backing on PUSCH

· If PUSCH of the PCC is scheduled, the UCI is transmitted on that PUSCH (as per previous decision)

· If there is no PUSCH transmission on the PCC, the CC order in which the SCCs are considered for UCI transmission on PUSCH is RRC configured
· The total number of coded symbols required for UCI transmission for the carrier aggregation is determined as defined in TS 36.212 (section 5.2.2.6), setting the number of bits appropriately to reflect the feedback for multiple CCs
·  PUSCH and SRS on different CCs

· No simultaneous PUSCH and SRS is transmitted in the same symbol on any CC from the same UE 

· Rate match any PUSCH transmitted in any cell specific SRS subframe configured on the same CC

· Drop SRS if PUSCH is transmitted in the same symbol on any CC from the same UE

·  PUCCH and SRS

· No simultaneous PUCCH and SRS in the same symbol from the same UE on the same CC or different CCs
· ACK/NACK + SRS

· If Simultaneous-AN-and-SRS for PCC is set to TRUE by higher layers, the shortened format for ACK/NACK is assumed, and SRS can be transmitted on the same subframe. The shortened format is utilized in any subframe corresponding to the cell specific SRS subframe on any of the configured CCs

· Otherwise, if Simultaneous-AN-and-SRS for PCC is set to FALSE by higher layers, the SRS transmission on any subframe corresponding to the cell specific SRS subframe on any of the configured CCs is dropped if ACK/NACK transmission occurs in the same subframe 

· CQI  + SRS

· SRS is dropped
· SRS on multiple CCs

· Only one SRS transmitted in a subframe

· The priority order is RRC configured, with the PCC always taking the highest priority

· When periodic and aperiodic SRS are due at the same time, the aperiodic SRS takes the precedence and periodic SRS is dropped.    
References 

[1]
3GPP TR 36.814, “Further Advancements for E-UTRA: Physical Layer Aspects”

[2] R1-102517, “Simultaneous PUCCH/PUSCH Transmission”, Qualcomm Incorporated
[3] R1-106344, “PMI/CQI/RI configuration in support of CA”, Qualcomm Incorporated













PAGE  
1/5

_1276520314.unknown

