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1.1. Introduction

In RAN1#59bis and the follow-up email discussion, the following is agreed. Based on those agreements, we discuss and suggest the further details on UL power control in this paper.
Which PC parameters are CC-specific?
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 are CC-specific

· There is a max power for the total UE transmit power (provided by RAN4)
· Handling of multiple PAs is FFS (discuss offline whether an LS to RAN4 is needed)
· There is a CC-specific max power 
Pathloss derivation

· The DL CC used for pathloss derivation for power control of each UL CC is configured by the network (any restrictions on correspondence between DL and UL CCs for this purpose are up to RAN4)

· Whether a pathloss offset per CC needs to be signalled to the UE is FFS

· The number of DL CCs measured is up to RAN4

PHR

· Per CC 

· PHR report should include CC specific reports for PUCCH/ PUSCH

· FFS whether individual or combined PUCCH/PUSCH PHR

Max power scaling

· Starting point:

· PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)

· scaling is per channel

· Not to reduce power of PUSCH with UCI should be considered

· Detailed formula is FFS

2.1. Maximum transmit power limitation
Actual total transmit power of a UE at a time instance i, 
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 can be described as follows.
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In the above, 
· 
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: Maximum allowed transmit power in c-th CC driven by the network-signaled parameter and further possible modification by RAN4
·  
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: Maximum transmit power defined by the UE transmit power class and further possible modification by RAN4
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: Expected transmit power for a physical channel, PhCH in the c-th CC by the normal power control process.
Then, to satisfy both CC-specific maximum TxP limitation and UE-specific maximum TxP limitation without a complicated UE processing, we suggest the following.

Suggestion: CC-specific maximum TxP is satisfied first by reducing TxP of UL physical channels in each CC when required. Then, maximum total UE TxP is satisfied by reducing TxP of the UL physical channels over all or some of the CCs when required.

3-1. UL TxP reduction in each CC to satisfy per-CC maximum TxP limitation
To satisfy a CC-specific maximum TxP limitation in a CC, there can be following two approaches.

Approach 1. One by one reduction of UL physical channel TxP
TxP of the physical channel with the lowest priority is reduced first to a certain marginal value or to the zero power value. Then, TxP of the physical channel with the next lowest priority is reduced if the maximum TxP limitation is still not satisfied

Approach 2. Weighting parameter based reduction of UL physical channel TxP
TxP of multiple physical channels are reduced at once by a predefined weight in proportion to, for example, priority of physical channel type, MCS, etc.
Approach 2 above will require complicated formulas to derive weighting parameters depending on the combination of the physical channel types, MCS, etc. Therefore, we suggest introducing approach 1 for the TxP reduction in each CC.
Suggestion: TxP of the physical channel with the lowest priority is reduced first to a certain marginal value or to the zero power value. Then, TxP of the physical channel with the next lowest priority is reduced if the maximum TxP limitation is still not satisfied.
3-2. Prioritization of UL physical channel transmission in case of TxP reduction

We should decide further details on how to prioritize the UL TxP of multiple physical channels within each UL CC in case of TxP reduction to satisfy the CC-specific maximum TxP limitation. Within each UL CC, TxP of the multiple physical channels can be prioritized depending on the physical channel type, for example.
· PUCCH is prioritized over PUSCH.
· More detailed prioritization may be beneficial for coincident transmission of different multiple PUCCH types. For example, ACK/NACK PUCCH > SR PUCCH > CSI PUCCH > PUSCH

There are discussions on, for example, prioritizing TxP between PUSCHs depending on the MCS or inclusion of the UCI. However, we think finer prioritization of the physical channels between different UL CCs should be carefully discussed further. At this stage, we suggest agreeing at least that PUCCH is prioritized over PUSCH in the same UL CC. Further detailed prioritization should be discussed further. However, over-specification by too much categorization should be avoided. 

Suggestion: PUCCH is prioritized over PUSCH in the same UL CC. It is FFS whether a prioritization is necessary between UL CCs in the UL TxP reduction.
3.1. Power headroom report for PUSCH/PUCCH
As already agreed, power headroom information for the case of coincident PUSCH+PUCCH scheduling should be available at the eNB. Since it can not be always guaranteed that PUCCH power headroom can be derived from the combination of the PUSCH-only power headroom report and the power headroom report for sum of PUSCH and PUCCH, it is preferred having separate power headroom values for PUSCH and PUCCH. PUCCH power headroom information can be always reported with PUSCH power headroom information even the subframes where PUCCH transmission doesn’t occur.

Suggestion: Separate power headroom values for PUSCH and PUCCH shall be reported.

4.1. Pathloss derivation for multiple UL CCs
Regarding UL path loss derivation, the following has been agreed.

· The DL CC used for pathloss derivation for power control of each UL CC is configured by the network (any restrictions on correspondence between DL and UL CCs for this purpose are up to RAN4)
In case of a single band, a pathloss value measured from a single DL CC in the band can be applied to the multiple UL CCs in the same band. However, network may configure different DL CCs for the path loss derivation of the different UL CCs even in a same band depending on the further RAN4 decision. In case of multiple bands, DL path loss values for UL power control may be measured separately at least per band. Again, this is up to further RAN4 decision.

Regarding the p0 value range issue, p0-Nominal PUSCH and PUCCH ranges for LTE were decided as [-126..24]dBm and [-127..-96]dBm respectively assuming variation of the UL IN (interference + noise) range of [-121..-91]dBm [1]. This doesn’t have any dependency on the different path loss models. Therefore, it should be verified first whether the LTE-A deployment scenario should support an IN range which is largely different from the IN range assumed in LTE before changing the p0 value range or introducing a new offset parameter in addition to the p0 parameter.
Suggestion: It should be verified first whether the LTE-A deployment scenario should support an IN range which is largely different from the IN range assumed in LTE before changing the p0 value range or introducing a new offset parameter in addition to the p0 parameter.
5.1. Summary
In this paper, we discussed further details of the UL power control for LTE-A and made some suggestions. The suggestions are summarized as below.

Suggestion1: CC-specific maximum TxP is satisfied first by reducing TxP of UL physical channels in each CC when required. Then, maximum total UE TxP is satisfied by reducing TxP of the UL physical channels over all or some of the CCs when required. It is FFS whether further prioritization is necessary between, for example, UL CCs in the UL TxP reduction.

Suggestion2: TxP of the physical channel with the lowest priority is reduced first to a certain marginal value or to the zero power value. Then, TxP of the physical channel with the next lowest priority is reduced if the maximum TxP limitation is still not satisfied.

Suggestion3: PUCCH is prioritized over PUSCH in the same UL CC. It is FFS whether a prioritization is necessary between UL CCs in the UL TxP reduction.
Suggestion4: Separate power headroom values for PUSCH and PUCCH shall be reported.

Suggestion5: It should be verified first whether the LTE-A deployment scenario should support an IN range which is largely different from the IN range assumed in LTE before changing the p0 value range or introducing a new offset parameter in addition to the p0 parameter.
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