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1 Introduction

Uplink power control is an important issue for UL CoMP design. In RAN1#68, an agreement was achieved that PUSCH/PUCCH follow the Rel-10 power control mechanism and no enhancement is introduced in Rel-11. As for SRS, there was no conclusion in RAN1#68, and an email discussion will continue RAN1 #68bis meeting considering the following issues [1]:
· Support of separation of DL and UL association points 

· Relation to the PUCCH/PUSCH PC, especially for scenario 4

· Scenarios where CRS is transmitted in an SFN fashion

In this contribution, we will share our views on the potential enhancement of SRS power control.
2 
Discussion
2.1 Background and motivations
For CoMP operations in LTE TDD systems, SRS may have two-fold purposes: one is for the UL scheduling and the other is for the obtainment of DL CSI at eNB site by channel reciprocity.  Usually, the DL CoMP performance is heavily dependent on inter-cell interference mitigation/coordination, which may lead to the requirement of accurate DL CSI at eNB side. Meanwhile, UL CoMP may have a relatively loose requirement for the UL CSI accuracy.  Consequently, UL and DL CoMP may have different requirements for the received SRS power, which may impact the design of SRS power control.  
In CoMP scenario 3/4, the transmit point(s) (TPs) for a UE may be different from its receive point(s) (RPs), as illustrated in Figure 1. In this example, DL transmission is from Macro eNB and UL transmission is forward to Pico eNB. 
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Figure 1    An example of different TP(s) and RP(s)

If CoMP UE is moving far away from TP and towards RP, the pico usually requires to reduce the SRS power (shows as the line “SRS power for RP”) whereas macro cell may require to increase SRS power  (shows as the line “SRS power for TP”) to facilitate the DL CoMP In this case,  there are the conflicting requirements of the SRS power control for both UL and DL and the power difference between SRS for TP and PUSCH is varying.  Moreover, such requirement gap may be very large due to the potential huge imbalance of path loss between macro and pico cells.   It seems that the existing SRS power control scheme cannot address this problem in an effective way.
Proposal 1: SRS power control should be enhanced in Rel-11 to better support the UL and DL CoMP simultaneously. 
2.2 SRS Power Control Enhancement
As states in the mail discussion [68-09: SRS power control], the potential solutions can be grouped into 2 categories (though they need not to be exclusive):

· Option 1: SRS power control is linked to the power control of PUSCH (as in Rel-10) with an increased range of the power offset value P_SRS_offset;

· Option 2: Introduce an additional power control process for DL CoMP in addition to the power control for UL CoMP reception where the additional power control process may or may not be tied to the power control of PUSCH through an offset value.
Option 1 is expected to reconfigure P_SRS_offset (with an increased range) through RRC signaling. This solution has the following advantages and disadvantages: 
· Pros:  Little specification impact and low workload
· Cons:  Potential increasing of RRC signaling overhead
However, CoMP is expected to focus on UEs with low velocity, such as v=3km/h (0.83m/s). In the worst case where UE is moving in the straight line between Marco eNB and Pico eNB (usually UEs are not moving in the straight line), the continuous move of several or even tens of seconds will lead to 1 dB PL change. We also note that the power adjustment step of TPC signaling is 1 dB as defined in Rel-10. Thus reconfiguration of P_SRS_offset via RRC signaling can follow the same steps or specify larger steps.  As a result, in the special case, one RRC signaling is sufficient within several or tens of seconds. Besides, further reduction of RRC signaling could be considered. For example, we know that power compensated for PLDL is decreased when UE is moving away from Pico, then the lower PUSCH MCS can be used to keep the acceptable PUSCH BLER level.  In a word, there is a trade-off among RRC signaling overhead, data rate loss and power consumption.  
Based on the above discussion, we can see that for most UEs, the additional RRC signaling overhead is possibly no longer a big issue. 
There may be various sub-options under the category of option 2. Here, we discuss the following three  alternatives that have been mentioned by some companies:
· 2a: CSI-RS based PL estimation

· Pros: It can get the exact pathloss measurement of the each TP and RP

· Cons: Since the intended CSI-RS resource(s) for RPs may be outside the DL measurement set, extra signaling to inform UE the RP set is required, which will lead to more specification effort. Moreover, two simultaneous procedures for PL measurement will consume more energy. Higher complexity of UE implementation and more test cases may also impact the timeline of TDD terminals. 
· 2b: two TPC command processes 
· Pros: The varying power difference of PUSCH and SRS can be indicated dynamically, so the power of SRS can be adjusted into a suitable value.
· Cons: New DCI formats need to be specified or modification of some existing DCIs is needed, and more SRS resources may be required.

· 2c: two RRC signaling of power offset

Compared to option 1, this solution doesn’t show obviously advantages as it is still relying on RRC signaling. Besides, it will bring more signaling overhead compared to option1.

Based on the discussion, options 2a/2c are less attractive. Option 2b should be carefully further studied to check whether it can achieve significant gains over Option 1 in practical employment.
In summary, option 1 can solve the problem with tolerable cost and little spec impact and option 2b can also be a potential solution. Thus we propose to choose one between option 2b and option 1 to be the Rel-11 SRS power solution. 
Proposal 2:  Regarding Rel-11 SRS power enhancement, both the following options are acceptable for us:
· Option A: Reuse Rel-10 SRS power control scheme with an extended range of P_SRS_offset
· Option B: Introduce additional TPC commands for the SRS transmitted for the DL CoMP purpose

We have a slight preference for Option A over Option B.
3 
Conclusions

In this contribution, we discussed the potential issue of SRS power control when it is used to help both DL and UL CoMP. Then we also analyzed the advantages and disadvantages of the possible solutions. Based on the above discussions, we have the following proposals:
Proposal 1: SRS power control should be enhanced in Rel-11 to better support the UL and DL CoMP simultaneously. 
Proposal 2:  Regarding Rel-11 SRS power enhancement, both the following options are acceptable for us:

· Option A: Reuse Rel-10 SRS power control scheme with an extended range of P_SRS_offset

· Option B: Introduce additional TPC commands for the SRS transmitted for the DL CoMP purpose

We have a slight preference for Option A over Option B.
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