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1 Introduction
In RAN1#62bis, PUSCH power control for multiple antenna transmission was discussed. However, SRS power control for multiple antenna transmission have not discussed yet in detail. In addition, the priority order of SRS transmit power in case of power limitation was discussed in [3] but the conclusion is FFS.

This contribution discusses the following remaining issues of SRS power control in Rel.10.
· Periodic and aperiodic SRS power control for multiple antenna transmission 
· SRS power control in case of simultaneous transmission between SRS and other UL channels (i.e., PUCCH, PUSCH)
2 Discussion
2.1 SRS power control for multiple antenna transmission
The SRS transmission power for sub-frame i and serving cell c is defined by [1] as follows.
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where 

· PCMAX,c is the configured transmit power for serving cell c.
· PLc is the downlink pathloss estimate calculated in the UE for serving cell c in dB. 
· M SRS,c(i) is the bandwidth of the SRS resource assignment expressed in number of resource blocks in subframe i.

· fc(i) is the current PUSCH power control adjustment state for serving cell c.

· PO_PUSCH,c(j) and 
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 are parameters provided by higher layers for serving cell c, where j = 1.

· PSRS_OFFSET,c  is a 4-bit parameter semi-statically configured by higher layers for serving cell c.

In Rel.10, SRS transmission with multiple antennas is supported.
In case of PUSCH transmission with multiple antennas, total transmission power is divided between transmitting antennas in accordance with the ratio of the precoding weights for ks=0 [2]. In case of simultaneous SRS transmission with multiple antennas, total transmission power is equally divided between transmitting antennas. This allows eNB to derive directly the PUSCH SINR from the SRS SINR. So, it would be simple to apply the SRS transmission power calculated in (2) to all antennas. 
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[dBm]  (2) where 

· NSRS,c (i) is the number of simultaneous antennas transmitting SRS for serving cell c in subframe i.
Proposal：The SRS transmission power calculated in (2) should be applied.
In Rel.10, aperiodic SRS is supported in addition to periodic SRS. The accuracy requirements of aperiodic SRS may be different from that of periodic SRS, as discussed in [3]. 
An example of such operation is periodic SRS measurement is based on multiple SRS for longer term measurement and aperiodic SRS measurement is based on one shot SRS for shorter term measurement. 
In such an operation, aperiodic SRS with same transmit power as periodic SRS would not fulfill the accuracy requirement of aperiodic SRS due to limited number of SRSs. Hence, to configure separate PSRS_OFFSET,c values for periodic SRS and aperiodic SRS would be desirable to fulfil each accuracy requirement of periodic or aperiodic SRS and to minimize required transmission power for both periodic SRS and aperiodic SRS. This would improve UE battery consumption and minimize the interference of SRS.
Proposal：Separate PSRS_OFFSET,c  values for periodic SRS and aperiodic SRS should be supported.
2.2 SRS PC in case of simultaneous transmission

This section discusses PC for SRS in case of SRS-related simultaneous transmission in CA.
In [5], RAN4 agreed the following. In Release 10 timeframe, RAN4 is developing the core requirements for the following CA scenarios:
· Intra-band contiguous CA comprising of 2 DL CCs and 2 UL CCs:

· In this scenario, MPR takes into account the uplink transmission on all CCs. 

· Inter-band non-contiguous CA comprising of 2 DL CCs and 1 UL CC:

· In this scenario, the MPR values specified in release 8/9 in Table 6.2.3-1 of TS 36.101 are applicable. 

· Depending upon the inter-band CA scenario, an additional MPR to account for some other RF impairments may be required if necessary.
· In future inter-band scenarios comprising of more than 1 UL CCs, MPR may take into account the uplink transmission on all CCs.
Based on the above agreement, PC for SRS-related simultaneous transmission should be designed taking into account intra-band contiguous CA covered by one PA.

Several combinations of simultaneous transmission between SRS and other UL channels are shown below.

A) PUSCH and SRS

There are several scenarios of multiplexing PUSCH and SRS in a UE configured with multiple UL CCs as shown in [4]. Simultaneous transmission on multiple CCs is a distinct feature in Rel. 10 for high data rate transmission and etc. On the other hand, simultaneous transmission over multiple CCs covered by one PA severely impacts PA dynamic range and may complicate the PC operation among multiple CCs since CC-specific PC is utilized in Rel. 10. In addition, emissions of one CC could overlap different CCs depending on resource allocation  and then it may completely interfere  (lower) PSD of other UL channels if PSD difference among CCs is too large.  

Also, if power limitation happens in case of SRS-related simultaneous transmission and then if power scaling is applied for SRS at UE, eNB may misunderstand actual channel quality information derived from the received SRS with power scaling. This would cause incorrect scheduling decision, MCS selection and power control, since eNB could not detect occurrence of power limitation (scaling) at UE accurately.

Considering the above, possible approaches for SRS PC in Rel. 10 would be to allow simultaneous transmission if power limitation does not happen, and not to allow simultaneous transmission if power limitation happens, in order to realize simple specification and UE PC behaviour while keeping simultaneous transmission in a non-power limited case. There would be two alternatives of UE behaviour in case of power limitation.

· Alt.1: Brute force puncturing (no rate matching) on the last SC-FDMA symbol is applied for PUSCH (SRS is prioritized over PUSCH)
· Alt.2: SRS(s) is dropped (PUSCH is prioritized over SRS)
On the comparison between Alt. 1 and Alt. 2 in the case of power limitation, we should take into account the UCI impact on PUSCH. Therefore, our current preference on power limitation is Alt. 1 for PUSCH without UCI and Alt. 2 for PUSCH with UCI. If Alt. 1 does not cause significant performance loss of UCI multiplexed on PUSCH, Alt. 1 should be used for PUSCH with/without UCI due to simple specification and UE behaviour. Below summarizes our preferable PC operation for PUSCH and SRS multiplexing.
[Proposal]
(A-1) PUSCH and SRS multiplexing among multiple CCs
(A-1-1) If power limitation happens

· Brute force puncturing on the last SC-FDMA symbol is applied for PUSCH without UCI
· SRS(s) is dropped in case of PUSCH with UCI
(A-1-2) Otherwise
· PUSCH and SRS are simultaneously transmitted

B) PUCCH and SRS

Similar to PUSCH and SRS multiplexing case, assuming the power limitation does not frequently occur, it would be better to allow simultaneous transmission of PUCCH and SRS on different CCs. When power limitation occurs, simple extension of Rel. 8 multiplexing rule of SRS and PUCCH with shorten format within one CC to among multiple CCs is a possible approach. However, when a UE missed PDCCH used for aperiodic SRS trigger, understanding on whether last SC-FDMA symbol is punctured can be different between UE and eNB. This may cause a PUCCH degradation. Therefore, when power limitation occurs in case of PUCCH and SRS multiplexing, SRS on Scell should be dropped to avoid the PDCCH miss detection issue. Below summarizes our preferable PC operation for PUCCH and SRS multiplexing.
[Proposal]

 (B-1) PUCCH and SRS multiplexing among CCs (Pcell and Scell)

(B-1-1) if power limitation happens
· SRS on Scell is dropped 
(B-1-2) otherwise

· PUCCH and SRS are simultaneously transmitted

C) Periodic SRS and aperiodic SRS

In Rel-10, aperiodic SRS is introduced by PDCCH triggering. When receiving the PDCCH triggering aperiodic SRS, the UE transmits SRS a few subframes later. The aperiodic SRS may be transmitted only once (single-shot) or it may be transmitted in multiple instances over multiple subframes. Aperiodic SRS reflects the latest network intension to obtain the channel status compared with periodic SRS. Therefore, we propose periodic SRS should be dropped than aperiodic SRS if power limitation occurs, otherwise, periodic SRS and aperiodic SRS should be simultaneously transmitted.

[Proposal]
· Periodic SRS and aperiodic SRS should be simultaneously transmitted if power limitation does not occur

· Periodic SRS should be dropped than aperiodic SRS if power limitation occurs

D) Multiple (periodic or aperiodic) SRSs

There would be multiple (periodic or aperiodic) SRSs transmission among UL CCs operation. Multiplexing multiple (periodic or aperiodic) SRSs also would cause the same issue as above. 

According to the agreement of UCI multiplexing on PUSCH in a non-MIMO, UCI is multiplexed on PUSCH on Pcell if UE has a PUSCH on Pcell. Also, Pcell would be generally used than Scell, especially when traffic is low. Hence, sounding on Pcell would be more important than sounding on Scell. Therefore, we propose that SRS on Pcell should be prioritized over SRS on Scell if power limitation occurs and SRS on Scell should be dropped to avoid above-mentioned issues.

If there are multiple (periodic or aperiodic) SRS transmissions on Scells, it would be better to prioritize SRS transmit power on Scell with UCI from same viewpoint as above, i.e., sounding on Scell where PUSCH with UCI is multiplexed would be important for precise MCS selection and power control. Hence, SRS on Scell with UCI transmission should be prioritized and, SRS on Scell without UCI transmission should be dropped if power limitation occurs. If miss detection of PDCCH triggered for UCI is an issue, to drop SRSs with lower PSD (transmit power) on Scells would be an approach to avoid above out-of-band emission issue and simplify PC specification.

 [Proposal]
· Multiple (periodic or aperiodic) SRSs should be simultaneously transmitted if power limitation does not occur
· SRS on Pcell should be prioritized over SRS on Scell if power limitation occurs and SRS on Scell should be dropped
· If there are multiple SRSs on Scells, SRS on Scell with UCI transmission should be prioritized
3 Conclusion 
In this contribution, we discussed SRS power control in Rel.10 in the content of transmission from multiple UE antennas or carrier aggregation.
We made the following proposals.

Proposal：The SRS transmission power calculated in (2) should be applied.
Proposal：Separate PSRS_OFFSET,c  values for periodic SRS and aperiodic SRS should be supported.

Proposals for SRS-related simultaneous transmission are as follows:
A) PUSCH and SRS

 (A-1) PUSCH and SRS multiplexing among multiple CCs
(A-1-1) If power limitation happens

· Brute force puncturing is applied for PUSCH without UCI
· SRS(s) is dropped in case of  PUSCH with UCI
(A-1-2) Otherwise
· PUSCH and SRS are simultaneously transmitted

B) PUCCH and SRS
 (B-1) PUCCH and SRS multiplexing among CCs (Pcell and Scell)

(B-1-1) if power limitation happens
· SRS on Scell is dropped

(B-1-2) otherwise

· PUCCH and SRS are simultaneously transmitted

C) Periodic SRS and aperiodic SRS

· Periodic SRS and aperiodic SRS should be simultaneously transmitted if power limitation does not occur

· Periodic SRS should be dropped than aperiodic SRS if power limitation occurs

D) Multiple (periodic or aperiodic) SRSs
· Multiple (periodic or aperiodic) SRSs should be simultaneously transmitted if power limitation does not occur
· SRS on Pcell should be prioritized over SRS on Scell if power limitation occurs and SRS on Scell should be dropped
· If there are multiple SRSs on Scells, SRS on Scell with UCI transmission should be prioritized
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