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1. Introduction
In RAN1 #69 meeting, many WFs were proposed for enhancing SRS power control targeting both UL and DL CoMP [1-4]. Totally three proposals as listed in the following were recommended to solve SRS power control [5]:

Proposal 1: Use CSI-RS based path loss estimation for open loop power control for SRS

Proposal 2: Rel-11 UE supports all SRS PC processes tied to PUSCH PC process
· Multiple processes are supported via semi-static P_SRS_offset(m), 

· Support increased range of the power offset value for m=0,1,  one of the offset is applied to periodic SRS, and the other offset is applied to aperiodic SRS

· FFS:  m belongs to the set {0,1,...,N-1}, and N-1 offsets(N>2) are supported for aperiodic SRS PC, e.g. each offset is linked to one A-SRS parameter set
· UE is expected to switch dynamically between different P_SRS_offest(m)s, according to some eNB signaling
Proposal 3: 

· Rel-11 UE supports one periodic SRS PC process and one aperiodic SRS PC process both tied to the PUSCH PC
· FFS whether range of power offset values P_SRS_offset(m), m=0,1 is extended
· TPC command h(i)

· Rel-11 also supports one aperiodic SRS PC process with separate UE-specific setting for the following parameter:

· FFS if UE specific power offset P_SRS_offset(2) with increased range compared to Rel-8
· UE is expected to switch dynamically between different P_SRS_offest(m)s intended for aperiodic SRSs, according to some eNB signaling 
· The following aspects are FFS:

· Association between aperiodic SRS configurations and {h(i), P_SRS_offset(2)}

· Procedure for signaling h(i)

· Range for P_SRS_offset(m)
The conclusion is to continue discussion. Therefore, in our contribution, based on above three proposals, we continue discussion and share our views about enhancement of SRS power control targeting DL CoMP and UL CoMP in Rel-11.

2. Considerations on Uplink Power Control Enhancement
Uplink power control mainly targets path loss compensation and interference from neighboring cells. The current power control mechanism for SRS in Rel-10 is written as follows 
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where both open-loop and closed-loop power control components 
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are aligned with PUSCH power control except the additional high-layer configured parameter 
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. Both PUSCH/PUCCH and SRS power control use the same pathloss value, which is calculated based on RSRP measurement of CRS from the downlink serving cell. There is no problem for Rel-10 due to the matched serving cell for downlink and uplink. However, in HetNet, a UE’s uplink reception point (RP) could be different from its downlink transmitting point (TP) due to the power difference between macro cell and RRH. Moreover, in TDD system, SRS could be used to acquire not only uplink CSI but also downlink CSI. 
For the case where a macro cell is the downlink TP and an RRH is the uplink RP, the pathloss from macro cell is typically larger than that from RRH. To achieve the desired received power of PUSCH at RRH, it requires either lower 
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 or negative TPC command f(i) to compensate the overestimated pathloss. If PUSCH power control works efficiently, it seems there is no big problem for an aligned SRS power control targeting UL CoMP with proper
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. But if the same power is applied to SRS targeting DL CoMP, the received power of SRS at the macro eNB RP would be too small to be received successfully. On the other hand, if 
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 is set large enough to guarantee the performance of SRS received at the macro cell, the received SRS power at the RRH would be excessively high, leading to serious uplink interference. Therefore, to allow different SRS transmissions to be targeted for either UL or DL CoMP, different SRS power control processes for UL and DL CoMP should be supported in Rel-11, which position has been reached as a consensus based on current progress.
2.1. Consideration on SRS Power Control 

As mentioned in Section 1, three proposals were raised in last RAN1 #69 meeting. Comparing the above three proposals, proposal 1 deals with new pathloss measurement using CSI-RS, which attempts to address the root of SRS power control problem by enabling correct pathloss estimation for open loop power control targeting the right reception point. However, according to current agreement of PUSCH/PUCCH power control, i.e., no enhancement is introduced in Rel-11, CSI-RS based pathloss estimation is not agreed. 

Proposal 2 from the last RAN1 meeting holds the view of FFS for multiple A-SRS power offsets (N-1, N>2) and all SRS power control processes are tied to PUSCH power control. If only P_SRS_offset(m) (m=0,1) are supported, SRS transmission power targeting both DL CoMP and UL CoMP will be the same unless different P_SRS_offset(0) and P_SRS_offset(1) are used to support two processes as described in [6]. For the previous case, the SRS power control process problem is still unsolved; for the latter case, it imposes the restriction that only one kind of SRS type can be used for UL CoMP, which in fact violates the SRS design in Rel-10. Moreover, in proposal 2, with all SRS power control processes tied to PUSCH power control process, the dynamic adjustment of SRS transmission power develops towards the same direction with that of PUSCH, which actually behaves in a wrong direction for the case of SRS targeting DL CoMP when a CoMP UE’s downlink TP is different from uplink RP. For example, when the CoMP UE moves from RRH to macro cell under the operation of mismatch between DL CoMP and UL CoMP, the transmission power of PUSCH will be adjusted to be higher via positive TPC command f(i). Thus SRS transmission power targeting DL CoMP will become higher, which actually should be reduced when approaching to the macro cell. When the DL SRS PC and UL SRS PC are addressing two different sets of TPs and RPs, the two sets of pathloss experience independent fading including fast fading and shadowing. Because PUSCH PC needs to compensate for the fading to the UL RP, if it is used as a basis for the SRS PC for DL, the fading in the UL pathloss is included in the DL SRS power unnecessarily and causes larger fluctuation. This leads to reduction of PC accuracy for the DL SRS. This can be avoided when the DL SRS PC process is decoupled from PUSCH PC process as will be clear in the discussion below.  
Compared to proposal 2, proposal 3 from the last meeting suggests an additional SRS power control process targeting DL CoMP by introducing a separate A-SRS power offset value P_SRS_offset(2) as well as an additional TPC command h(i). The meaningful advantage of proposal 3 is the possibility of achieving fast power control fluctuations independently from PUSCH power control when SRS is transmitted to DL CoMP. Besides, the pathloss difference between DL CoMP and UL CoMP can be compensated via the extended range of P_SRS_offset(2) or other ways, e.g., the initial value of the additional TPC command h(i). Compared with proposal 2 where SRS for DL CoMP has to deal with two separate fading processes superimposed together, proposal 3 only deals with fading process on the DL path and is naturally more accurate. From this point of view, considering the very limited time left for standardization of Rel-11 and that CSI-RS based pathloss estimates seems to be the most controversial point, proposal 3 seems the most reasonable to enhance SRS power control. 
Proposal A: Introduce independent SRS power control process for UL and DL CoMP. Proposal 3 from the last RAN1 meeting (shown in Section 1) should be supported.
2.2. Power Control Selection
Proposal 3 from the last meeting supports a separate A-SRS power control process targeting DL CoMP with an additional UE-specific power offset P_SRS_offset(2) and separate TPC command h(i). One issue in proposal 3 is the dynamic switch between different P_SRS_offset(m)s intended for A-SRSs. Dynamic selection among multiple SRS power offset values P_SRS_offset(m)s depends on whether SRS is intended for UL CoMP or DL CoMP, which can be done by eNB’s signaling. First, multiple SRS power offset values P_SRS_offset(m)s can be configured by RRC signaling, then DCI indicates which value is used for the SRS power control. One way is using additional bits in DCI to indicate the switch among different P_SRS_offset(m)s. Another way is configuring different power offsets linked to different parameter sets of A-SRS. The power offset can be implicitly indicated via dynamic triggering of different A-SRS parameter sets. For example, given the fact that DCI format 4 has three candidate A-SRS parameters sets, by allowing each parameter set to have different power control process such as different power offset value P_SRS_offset(m) or different TPC command, two A-SRS power control processes can be dynamically indicated by DCI format 4 with different state (SRS request field). 
In proposal 3, a CoMP UE will keep two sets of TPC commands, i.e., the existing f(i) tied to PUSCH power control and the new one, denoted h(i). h(i) could be applied in two ways. One way is that h(i) can be used in conjunction with f(i) as a whole TPC command for a CoMP UE. Or h(i) can act as an independent TPC command for CoMP UE only when SRS is transmitted to DL CoMP. In this case, there exists the similar problem that which type of TPC command should be used. Based on the observation that P_SRS_offset(2) and h(i) are always bound to be used for the additional A-SRS power control process targeting DL CoMP, thus the same indication solution can be used to inform the UE of which type of TPC command is to be used when transmitting SRS.

As for the range of SRS power offset values, since P_SRS_offset(m) (m=0,1) are used for SRS targeting UL CoMP, the power control process of which is tied to that of PUSCH, the range can keep the same as that in Rel-10. However when the UE transmits SRS for DL CoMP and its downlink TP is different from its uplink RP, there exist pathloss differences between UL CoMP and DL CoMP. The pathloss offset needs to be compensated in the A-SRS power control process targeting DL CoMP considering the component 
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 is the same as that of PUSCH. One method is to extend the range of the additional power offset targeting DL CoMP so that the pathloss difference between UL CoMP and DL CoMP can be absorbed in this value. Another method is to make use of the additional TPC command h(i). More specifically, when h(i) is used as an independent TPC command for SRS targeting DL CoMP, the pathloss difference can be compensated by the initial value of the h(i), i.e., h(0) which could be indicated to UE via RRC signalling. 

Besides above analysis, one potential specification change is the SRS sequence. As analyzed in many contributions [7-9], it is noted that UE-specific virtual cell ID X should substitute the physical cell ID to generate the SRS sequence and hopping pattern because of the motivation of orthogonality in CoMP scenario 3 and cell splitting gain in CoMP scenario 4. In the case that A-SRS sequences targeting DL CoMP and UL CoMP are different, the SRS sequence information such as virtual cell ID, comb, etc., should be signaled when A-SRS is triggered. Based on the commonality of the situation for A-SRS sequence selection and power control process selection, A-SRS sequence indication could be combined with SRS power control process. For example, the A-SRS sequence as well as the A-SRS power control process (P_SRS_offset(m) and TPC command) can be indicated from the state of SRS request field in DCI format 4.
Proposal B: Use DCI to indicate SRS power control process selection such as power offset values P_SRS_offset(m) and TPC command. Besides, SRS sequence indication (sequence ID, comb, etc.) can be informed to UE combined with SRS power control process selection.
3. Conclusions
In this contribution, we discussed potential SRS power control enhancement based on the three proposals in last RAN1 #69 meeting. In detail, we analyzed SRS power control process selection, including the indication of multiple P_SRS_offset(m)s values and TPC commands. Also a simple analysis of the SRS sequence was provided. Based on the analysis above, we propose:
Proposal A: Introduce independent SRS power control process for UL and DL CoMP. Proposal 3 from the last RAN1 meeting (shown in Section 1) should be supported.

Proposal B: Use DCI to indicate SRS power control process selection such as power offset values P_SRS_offset(m) and TPC command. Besides, SRS sequence indication (sequence ID, comb, etc.) can be informed to UE combined with SRS power control process selection.
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