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1. Introduction

In the email discussion after RAN1 #59bis meeting, the following with respect to TPC command transmission has been agreed:
TPC command transmission

· TPC in UL grant

· is applied to UL CC for which the grant applies

· TPC in DL grant

· is applied to UL CC on which the ACK/NACK is transmitted

· Case of multiple DL grants and ACK/NACK transmission in a single UL CC is FFS (how to interpret multiple PC commands)

· TPC in DCI format 3/3A

· For PUCCH

· FFS

· For PUSCH

· FFS

· In addition, the need for CIF is FFS (treat under AI 7.1.4)
FFS: which DL CCs the UE searches for Format 3/3A
From the above there are still some open issues, like:

Q1: whether and how to support cross-carrier power control with DCI format 3/3A for PUSCH;
Q2: how to interpret multiple TPC commands for ACK/NACK transmission in a single UL CC;
In RAN1 #61 meeting, several contributions have discussed the Q1 [1]~[12] and Q2 [1] [13] respectively. In this document, we share our views on the two topics.

2. Discussion 

2.1. Cross-carrier Power Control with DCI Format 3/3A for PUSCH
In Rel-8/9, DCI format 3/3A with group TPC commands are mainly used for the power control of UL SPS transmission. During RAN2 #69bis meeting, RAN2 has decided that SPS is configured only in the PCC. Then if DCI format 3/3A is restricted for SPS, the corresponding TPC command in DCI format 3/3A for one UE only applies to its PCC and cross-carrier power control with DCI format 3/3A is not needed.
However, as stated by several contributions, DCI format 3/3A with group TPC commands can be utilized for PUSCH non-adaptive retransmission and SRS besides UL SPS transmission. It is especially useful for SRS transmission in absence of PUSCH. For carrier aggregation, a UE could be configured to periodically or aperiodically transmit SRS on multiple UL carriers. For TDD, to utilize the channel reciprocity, SRS could be transmitted more frequently. When SRS transmission occurs in absence of PUSCH, esp. considering that aperiodic SRS is likely to be triggered by DL grant, no TPC command can be signalled to correct the SRS transmit power if PUSCH TPC commands in DCI format 3/3A are only used for SPS. So cross-carrier power control with DCI format 3/3A scrambled by TPC-PUSCH-RNTI should be supported from our perspective.
There are already some options proposed for the cross-carrier PC with DCI format 3/3A:

· Option 1: a UE is provided with a single TPC-PUSCH-RNTI and multiple tpc-indices, one tpc-index per CC.
· Option 2: a UE is provided with multiple TPC-PUSCH-RNTIs, one TPC-PUSCH-RNTI per CC and a single tpc-index for each group (maybe common to each CC ).

· Option 3: a UE is provided with multiple TPC-PUSCH-RNTIs and tpc-indices and a corresponding TPC-PUSCH-RNTI and a tpc-index for each UL CC. (hybrid method of option 1 and 2)
· Option 4: single CIF within one DCI format 3/3A.
· Option 5: multiple CIFs within one DCI format 3/3A.
Hereinto, option 2, 3 and 4 require multiple DCI format 3/3A receiving for one UE when multiple TPC commands for the UE are sent by DCI format 3/3A. This will increase the PDCCH false detection probability while offer marginal flexibility with the extra cost of more PDCCH overhead. It should be noted that the payload on each CC is time-varying, one DCI format 3/3A for one CC is not an economic way. And for option 2 and 3, more or less RNTI resource wastes are inevitable.

With regard to option 4 and 5, embedded CIF(s) reduces multiplexing capacity of DCI format 3/3A. Besides, the insertion and interpretation of CIF(s) bring additional complexity for both eNB and UE. For example, for simplicity, just one tpc-index could be configured for a Rel-10 UE to indicate the relative position of each intended TPC command in relation to its corresponding CIF. But for flexibility, multiple tpc-indices could be configured to indicate the absolute positions of the intended TPC commands within DCI format 3/3A. No matter which way, Rel-10 UE has to read both CIF(s) and TPC commands. However, for Rel-8 UE, tpc-index configuration has to ignore the CIF(s). What is more, fixed positions of multiple CIFs within DCI format 3/3A could further limit the configuration flexibility considering that the payload on each CC differs and changes with time.
Therefore, Option 1 seems to be favorable from both reliability and complexity perspectives. Option 1 provides the same reliability level as that in Rel-8 and UE only needs to monitor a single CC and receive one PDCCH with DCI format 3/3A.
One problem about option 1 was pointed out in [9]. The instances of the power control updates are the same for all CCs UE is monitoring. If DCI format 3 configured, the change can be set to zero for the carriers that do not need power correction; but if DCI format 3A configured, for which the TPC command 
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values are ±1dB, some CCs’ power control adjustment state could be changed unnecessarily. 

Notice that this problem always exists when DCI format 3A is used to convey TPC commands to a group of UEs, e.g. one UE needs power correction while another UE dose not. However, the resulting offset would not be too divergent to be controlled. What is more, 
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 provided in DCI format 0 has higher priority than that in DCI format 3/3A. And finally, absolute value can be set via DCI format 0.
And according to latest agreement in RAN1 #60, simultaneous ACK/NACK on PUCCH transmission from one UE on multiple UL CCs is not supported, cross-carrier power control with DCI format 3/3A for PUCCH may not be needed. If n×PUCCH is permitted within a CC, multiple PUCCHs on a single CC should have the same current PUCCH power control adjustment state.
Given the above analysis, we have the following proposal:
Proposal 1: Cross-carrier power control with DCI format 3/3A for PUSCH is supported in LTE-Advanced. Each UL CC is configured with a tpc-index in a single DCI format 3/3A for one UE. 
2.2. Multiple PUCCH TPC commands Interpretation
As approved in RAN1 #60, simultaneous ACK/NACK on PUCCH transmission from one UE on multiple UL CCs is not supported and a single UE-specific UL CC ( i.e. PCC ) is semi-statically configured for PUCCH transmission, so multiple PUCCH TPC commands received by one UE would apply to UL PCC. The pending issue is how to interpret them.
Four options can be envisaged in case of multiple TPC commands received:
Option 1: Multiple TPC values for a UE in a subframe shall be the same and UE follows one of them. 
Option1 is regarded as the simplest solution. However, it is questionable whether multiple TPC values 
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can always be the same. E.g. If UE validates the PDCCH with DCI format 1/1A/2/2A as an SPS activation PDCCH, or the PDCCH with DCI format 1A as an SPS release PDCCH, then 
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 has to be 0dB as specified in [14] while the intended 
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may not be 0dB for realistic PUCCH in the case of DL carrier aggregation unfortunately. 

To address this problem, the priority among TPC commands in normal DL grants, SPS activation/deactivation PDCCH and DCI format 3/3A should be specified for the case of multiple TPC values received. In Rel-8, 
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 provided in DCI format 3/3A has lowest priority.Considering UE’s backward compatibility, the same rule should be complied with in Rel-10. 
Option2: UE chooses the maximum or the minimum value among the TPC values received in a subframe.
Same problem exists as option1. It cannot be always guaranteed that the intended TPC value is the largest or the smallest one unless a certain priority has been specified.
Option 3: eNB informs the TPC only in one DL grant. 
Additional mechanism is needed to let UE know in which DL grant the intended TPC command is accommodated. Then it can be FFS whether TPC command bits in the other DL grants can be re-used for other purpose / or simply reserved.
Option 4: UE accumulates the TPC values in DL grants received in a subframe, i.e. use the “sum” of the received TPC values in DL grants.
As a consequence of CA, the PUCCH payload can be significantly higher than R8 PUCCH payload and may dramatically vary. So the dynamic range of power control adjustment on UL PCC should be wider than that in R8. By the ‘sum’ manner, the range of power control adjustment can be expanded, which can speed up the PUCCH power control . Similar case can be found in R8 specification that when a PUCCH on a certain UL subframe conveys AN feedback bits for transmissions in multiple DL sub-frames in case of TDD DL heavy ratio, the multiple TPC values in the corresponding DL grants are accumulated for PUCCH power control. This principle should be still applicable to R10. Notes: the PUCCH TPC values in DCI format 3/3A should not be accumulated but ignored as in Rel-8 when any DL grant is received for backward compatibility. 
Considering the merit of PC range extension and keeping in mind the principle for R8 TDD PC, we slightly prefer option4.
Proposal 2: Priority issue need to be discussed in case of multiple PUCCH TPC values. Applying the “sum” of TPC commands in DL grants received in a subframe to the corresponding PUCCH is considerable.
3. Conclusions

In this contribution, two aspects of TPC command transmission in LTE-A are discussed. We have the following proposals:
Proposal 1: Cross-carrier power control with DCI format 3/3A for PUSCH is supported in LTE-Advanced. Each UL CC is configured with a tpc-index in a single DCI format 3/3A for one UE. 
Proposal 2: Priority issue need to be discussed in case of multiple PUCCH TPC values. Applying the “sum” of TPC commands in DL grants received in a subframe to the corresponding PUCCH is considerable.
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