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1 Introduction

The LTE power control procedure for sounding reference signals (SRS) is tightly tied to the physical uplink shared channel (PUSCH) power control. In particular, in LTE Rel. 8-10, both open-loop and closed- loop power control parameters selected for PUSCH transmission are directly applied to the transmission of SRS, with an additional power offset semi-statically configured by higher layer signalling [1]. 

While this approach is sound when the user equipment (UE) communicates with the same network device in both uplink and downlink, several companies (see, e.g., [2]-[4]) noticed that an enhancement of the SRS power control procedure is needed for CoMP operation. CoMP transmission points serving a UE in downlink, and CoMP reception points serving the same UE in uplink may not be the same, nor geographically co-located. Therefore, SRS used in support of downlink CoMP transmission may need a different transmit power than SRS used in support of uplink CoMP reception. While it is commonly understood that the current LTE SRS power control could be reused when SRS are used in support of uplink CoMP reception [5], an enhancement is needed to allow a dynamic adjustment of the SRS transmit power when SRS are transmitted by the UE in support of downlink CoMP transmission.
At the previous RAN1#68bis meeting, two solution approaches have been discussed for this problem [5]: a) keeping the SRS power control linked to the PUSCH power control with an increased range of the semi-statically configured power offset; or b) introducing a separate SRS power control process to support downlink operation decoupled from the PUSCH power control parameters. To some extent, however, both alternatives have some shortcomings: a semi-static configuration of a range-extended power offset is still not sufficient to ensure a rapid adjustment of the SRS transmit power at need; on the other hand, introducing an additional SRS power control process implies additional UE complexity and network signalling overhead, which may not be justified by the limited use of SRS signals in support of downlink transmission. In this paper we propose a SRS power control enhancement that overcomes these issues.   
2 SRS power control enhancement 
We propose to enhance the SRS power control procedure by introducing a new parameter, hereafter indicated by 
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, within the LTE Rel.-10 SRS power control procedure [1] so that the SRS transmit power on subframe i for serving cell c reads as follows:
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where 
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is the configured UE transmit power as defined in [6];
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is a 4-bit semi-statically configured power offset; and 
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is the bandwidth of the of the SRS transmission in subframe i for serving cell c expressed in number of resource blocks. The uplink pathloss estimate 
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, the associated compensation factor 
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, the current PUSCH power adjustment state
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for the serving cell c, and the parameter 
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are defined in [1] for the PUSCH power control procedure.
The new parameter 
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shall be signalled by the network to the UE in a closed-loop manner only when a SRS transmission is scheduled in support of the downlink CoMP operation. Unless 
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 is received by the UE through a SRS-specific transmit power command (TPC), the UE shall consider 
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 dBm, i.e., 
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is not cumulated from one SRS transmission to the next one. Therefore, equation (1) implicitly associates the LTE Rel.-10 SRS power control procedure with the transmission of SRS signals in support of uplink CoMP operation (i.e., 
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 allows to dynamically adjusting the SRS transmit power for the purpose of supporting the downlink CoMP transmission with minor standardization impact. 

The value of the power adjustment 
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shall be computed by eNodeB(s) controlling the mobile terminal. How 
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is computed is therefore an eNodeB implementation aspect. The downlink CoMP transmission point(s) could, for instance, compute 
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 by overhearing earlier subframes where a SRS transmission is scheduled from the intended UE in support of the uplink CoMP reception. The value of 
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reflects a power adjustment required at the UE that, added to the latest state of the SRS transmit power, enables to correctly receive the sounding reference signal at the downlink CoMP transmission point(s).
Introducing 
[image: image20.wmf])

(

c

i

h

allows to combining the features of both approaches in [5] in a simple way. On one hand, 
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acts as a range extension of the power offset 
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 with the difference that 
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can be dynamically signalled by the network at need, eventually on a subframe time-scale, instead of being semi-statically configured. Yet, by not being cumulated from a SRS transmission to the next one, one avoids the drawback of a semi-statically configured power offset being either too high or low. On the other hand, 
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 is de facto a SRS-dedicated closed-loop TPC command embedded into the LTE Rel-10 SRS power control procedure, which avoids the additional UE complexity and network signalling overhead required by a new SRS power control process decoupled from the PUSCH power control parameters.
Proposal 1: Enhance the SRS power control procedure for CoMP operation by adding a new parameter to the LTE Rel-10 SRS power control procedure:
· The new parameter is signalled by the network to the UE in a closed-loop manner only when a SRS transmission is scheduled in support of the downlink CoMP operation;

· The new parameter is not cumulative.

3 Signalling design for the new SRS-TPC

The triggering instruction for aperiodic SRS is conveyed using either UL grant (DCI format 0/4) or DL assignments (DCI format 1A/2B/2C). It is common understanding that aperiodic SRS triggered by UL grants are used to assist UL transmission while SRS triggered by DL assignments are used for DL operation. This is the rationale why it was agreed that aperiodic SRS triggering using DCI format 2B/2C can only be supported in TDD mode when SRS based estimation of DL CSI is crucial for non-codebook based transmissions. Therefore, it is natural to adopt the new SRS TPC command for aperiodic SRS triggered by DL assignment, while aperiodic SRS triggered by UL grant should reuse the legacy SRS PC process. Modifications to current DCI formats are required to convey the new SRS TPC 
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 to the UEs. 
A straightforward solution to convey the new SRS TPC command is to reuse features of DCI format 3/3A. With DCI format 3/3A, the power-control instruction is directed to a group of terminals addressed by an RNTI specific for the group. Each UE can be allocated two power control RNTIs, one for PUCCH power control and the other for PUSCH power control. It is natural to extend the current specification to include another power control RNTI for the new SRS TPC command, e.g. a DCI format 3B scrambled by TPC-SRS-RNTI and transmitted to UEs for which aperiodic SRS is triggered by a DL DCI format. 

Another possibility is to transmit the new SRS TPC command using DCI format 1A/2B/2C. The 2-bit TPC command for PUCCH can be reused for the new SRS TPC command. For example, if the SRS-request field in the DL assignment triggers an aperiodic SRS transmission, then the field is interpreted as TPC command for the new TPC process, otherwise, it is still used for PUCCH PC.

Proposal 2: The new TPC command applies to aperiodic SRS transmissions triggered by DCI format 1A/2B/2C. The new SRS TPC commands are signalled using one of the two options:
· Option 1: reuse the TPC command for PUCCH in DCI format 1A/2B/2C when an aperiodic SRS transmission is simultaneously triggered
· Option 2: introduce a new DCI format 3B scrambled by TPC-SRS-RNTI
4 Conclusions
We propose to enhance the SRS power control procedure for CoMP operation by adding a new parameter to the LTE Rel-10 SRS power control procedure:
· The new parameter is signalled by the network to the UE in a closed-loop manner only when a SRS transmission is scheduled in support of the downlink CoMP operation;

· The new parameter is not cumulative.
· The new TPC command applies to aperiodic SRS transmissions triggered by DCI format 1A/2B/2C. The new SRS TPC commands are signalled using one of the two options:

· Option 1: reuse the TPC command for PUCCH in DCI format 1A/2B/2C when an aperiodic SRS transmission is simultaneously triggered
· Option 2: introduce a new DCI format 3B scrambled by TPC-SRS-RNTI
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