3GPP TSG RAN WG1 Meeting #70
R1-123114
Qingdao, China, August 13-17, 2012
Agenda Item:
7.5.5.2
Source:
Huawei, HiSilicon
Title:
TPC enhancements for SRS power control for CoMP 
Document for:
Discussion and decision 
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]. 
Several companies (see e.g., [2]-[4]) argued that an enhancement of the SRS power control procedure is necessary for CoMP operation. While it is commonly understood that the LTE Rel-10 SRS power control procedure could be reused when SRS are used in support of uplink CoMP reception [5], an enhancement is needed when an SRS is transmitted by the UE in support of downlink CoMP transmission. A view shared by many is to introduce an additional aperiodic SRS process in support of the downlink CoMP operation but there is no consensus on the details of the power control for this additional SRS process. One proposal is to keep the power control parameters for the new SRS process linked to the PUSCH power control with an additional semi-statically configured power offset with increased range, while another proposal is to introduce a power control process with closed-loop parameters decoupled from those of PUSCH power control. To some extent, however, both alternatives have some shortcomings: a semi-statically configured power offset with range-extension is still not sufficient to ensure a rapid adjustment of the SRS transmit power; on the other hand, introducing an additional SRS power control process implies additional UE complexity and network signalling overhead. This paper proposes a harmonized solution 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 in [6], 
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 for m=0,1 is a semi-statically configured a 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 
[image: image8.wmf]()

c

fi

 for the serving cell c, and the term 
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 are defined in [1] for PUSCH power control.

Compared to the LTE Rel-10 SRS power control, Equation (1) introduces two distinct features applied to the transmission of aperiodic SRS scheduled in support of the downlink CoMP operation:

· An additional semi-statically configured power offset 
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 (i.e., for m=2) with increased range value, which adjusts the SRS transmit power at slow-time scale;

· An additional, non-cumulative, closed-loop parameter 
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 decoupled from PUSCH used to adjust the SRS power at a faster time-scale when the power offset 
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Fig. 1. Comparison of aperiodic SRS PC process with two possible configurations of the TPC 
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: (a) a cumulative 
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; and (b) a non-cumulative 
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 in addition to 
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 as in Equation (1).
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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), while the TPC 
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 is decoupled from the PUSCH power control and allows to dynamically adjust the SRS transmit power only for the purpose of supporting the downlink CoMP transmission with minor standardization impact. 

It is important to notice that 
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 in Equation (1) is in addition to 
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, i.e., it does not replace 
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. The reason for this is illustrated in Fig. 1. If a cumulative TPC 
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 for the new aperiodic SRS power control process (m=2), 
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 could only be computed on the basis of a previous SRS scheduled for the same process. Since sounding reference signals transmitted in support of downlink operation are expected to be sparse in time, the computed 
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 would be outdated when used in 
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. On the other hand, adding a non-cumulative TPC 
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 to the Rel-10 SRS power control equation permits to exploit other SRS transmissions received by the CoMP transmission points to compute a more updated 
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 when a SRS is scheduled in support of downlink operation, as show in the bottom part of Fig. 1. 
The non-cumulative TPC 
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 shall be conveyed with few bits to avoid unnecessary overhead. One possibility is to use a 2-bit TPC with the same resolution adopted in earlier LTE releases for the PUSCH TPC 
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. On the other hand, the range of the new power offset 
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 shall be sufficiently large to compensate the inaccuracy of the open-loop term in (1) (i.e., for m=2 the downlink pathloss is approximated with an estimate of the uplink pathloss), which can be as large as 16 dB, see e.g., [7] for a thorough analysis. An immediate solution is to extend the range of the power offset 
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 of at least 16 dB compared to 
[image: image35.wmf])

(

c

,

SRS_OFFSET

m

P

 for m=0,1 in the LTE Rel-10 with a 5-bit parameter. One recommended approach to extend the range of the new power offset 
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 is the following:
· Ks=1.25, 
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 has 1dB step size in the range of [-3, 28] dB.
· Ks=0, 
[image: image38.wmf])

2

(

c

,

SRS_OFFSET

P

 has 1.25 dB step size in the range of [-10.5, 28.25] dB.
Therefore, combining an additional non-cumulative TPC command 
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 with a semi-statically configured power offset with increased range enables to correct the transmit power of the additional aperiodic SRS process on fast (subframe) time-scale when the semi-statically configured power offset is either too high or low without incurring in the increased UE complexity and network signalling overhead required by a new SRS power control process fully decoupled from the PUSCH power control parameters.

Proposal 1: Rel-11 supports one additional aperiodic SRS PC process tied to PUSCH power control, and with separate UE-specific setting for the following parameters:
· An additional non-cumulative TPC command 
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;
· An additional power offset 
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 with increased range compared to Rel-8.
3 Signalling design for the new SRS-TPC

The triggering instruction for aperiodic SRS is conveyed using either UL grant (DCI formats 0/4) or DL assignments (DCI formats 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 formats 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 is to transmit the new SRS TPC command using DCI formats 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.

Another possibility is to convey the new SRS TPC command is to reuse features of DCI formats 3/3A. With DCI formats 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. 

Table 1. Comparison of different signalling designs
	
	Using DCI formats 1A/2B/2C
	Reusing features of DCI formats 3/3A

	Extra PDCCH overhead
	No
	Yes, additional DCI needs to be sent.

	Extra complexity of PDCCH detection
	No
	Yes, UE configured with the new TPC process needs to detect the DCI with a new RNTI.

	Impact to legacy power control process
	Yes, the legacy TPC command for PUCCH cannot be sent when an SRS is triggered
	No


The comparison of the two methods is summarized in Table 1. To keep the consistency of the specification and to avoid the possible increased complexity in PDCCH detection, the first option is preferred.

Proposal 2: The new TPC command applies to aperiodic SRS transmissions triggered by DCI formats 1A/2B/2C. Reuse the TPC command for PUCCH in DCI formats 1A/2B/2C when an aperiodic SRS transmission is simultaneously triggered.
4 Conclusions
We propose to enhance the Rel-11 SRS power control with an additional aperiodic SRS PC process tied to PUSCH power control, and with separate UE-specific setting for the following parameters:
· A non-cumulative TPC command 
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;

· UE-specific power offset 
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 with increased range compared to Rel-8;
· The new TPC command applies to aperiodic SRS transmissions triggered by DCI formats 1A/2B/2C. Reuse the TPC command for PUCCH in DCI formats 1A/2B/2C when an aperiodic SRS transmission is simultaneously triggered.

In addition, it is proposed to increase the range of 
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as follows:
· Ks=1.25, 
[image: image46.wmf])

2

(

c

,

SRS_OFFSET

P

 has 1dB step size in the range of [-3, 28] dB;
· Ks=0, 
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 has 1.25 dB step size in the range of [-10.5, 28.25] dB.
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