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1 Introduction
In RAN1#67, two WFs were presented. One WF proposed the “CSI-RS based PL estimate approach” [1][2] and the other WF proposed “network signaling based approach”[3]. The following was concluded at the end of the Power Control for UL-CoMP session and it was decided to continue the discussion in RAN1#68:


In this contribution, we compared two approaches and we reached the conclusion that at least CSI-RS based PL estimate approach should be supported in Rel.11.
2 Discussion

2.1 CSI-RS based PL estimate approach vs Network signalling based approach

As discussed in several contributions, UL CoMP can achieve large cell and cell-edge throughput gain [4][5][6][7][8][9]. One of the common assumptions in UL CoMP simulations is to set the UL transmission power based on the closest reception point. By doing so, the lowest transmission power can be set and the interference from other UEs can be reduced. Therefore, the system can enjoy cell splitting gain and therefore achieves large throughput gain.

Therefore, it is commonly understood that accurate UL transmission power setting is quite important from cell/cell-edge throughput point of view and to support CoMP scenario 4, specification changes for UL CoMP is necessary. Based on this analysis, there were two WFs proposed in RAN1#67.

Alt.1: CSI-RS based PL estimate approach: 
· By introducing the CSI-RS based Pathloss estimation, UL transmission power can be set to the closest reception point in CoMP scenario 4.

· In other words, Alt.1 utilizes open-loop TPC in Rel.11.

Alt. 2: Network signaling based approach:
·  By utilizing network signaling, i.e. RRC signaling, UL transmission power can be set to the closest reception point in CoMP scenario 4.

· To reduce the signaling burden, several enhancements are proposed.

· UE-specific pathloss offset

· Enhancement of PUSCH/PUCCH objective transmit power

· UE-specific fractional pathloss compensation factor for PUSCH

· UE-specific fractional pathloss compensation factor for PUCCH

· Enhancement of SRS power offset, especially for TDD system

· In other words, Alt.2 utilizes the closed-loop TPC in Rel.11.

These two approaches do not necessarily contradict each other. However, several companies objected to applying both approaches in Rel.11 because of the following reasons: 

· CSI-RS based PL estimation approach needs specification changes.

· Legacy UEs cannot benefit from CSI-RS based PL estimation approach which is Rel.11 enhancements.

Even though there were objections from the several companies, we believe Alt.1 should be supported because of the reasons in table 1.

As shown in Table 1, the benefit of Alt.1 is to reuse both open-loop and closed-loop TPC mechanisms in Rel.11. As pointed out during the last meeting, the drawback of Alt.1 is the need to specify the new pathloss estimation procedure and CSI-RS based RSRP report. However, we think the impact on the specification is limited if we reuse the Rel.8-10 TPC mechanism. Moreover, the support of CSI-RS based RSRP report has been discussed already in the DL CoMP session [10] and this mechanism can be reused for UL open-loop TPC.

The benefit of Alt.2 is that there is no change required to the Rel.10 pathloss estimation procedure. The drawback of Alt.2 is that a Rel.11 UE might create serious legacy UE problems in future releases if open-loop TPC is specified in a later release. Namely, the drawback is that Rel-12 and future release networks’ performance may be limited by UEs that have no change to pathloss estimation procedure/do not have open-loop TPC, so it may make operators’ motivation to introduce Rel-11 UEs in their network weaker. We consider this is the serious drawback of Alt.2 if only Alt.2 is specified. We believe the open-loop TPC is a fundamental function of UL TPC since this mechanism implies the ability of the UE to control its UL transmission power autonomously. Therefore, we would have to come back to this issue in future release even if the open-loop TPC is not specified in Rel.11. Moreover, if open-loop TPC would be supported in Rel.12 or later release, then Rel.11 UEs become legacy UE and it creates serious legacy UE problems. Therefore, we believe at least CSI-RS based PL estimate approach (a.k.a. Open-loop TPC) TPC should be supported in Rel.11. However, network signaling based approaches could be adopted in addition to CSI-RS based PL estimate approach.
Table 1: Pros/Cons of CSI-RS based PL estimate approach and Network signaling based approach

	
	Pros
	Cons

	Alt.1: CSI-RS based PL estimate approach

(a.k.a. Open-loop TPC)
	· Rel.11 TPC procedure support both open-loop and closed-loop TPC


	· CSI-RS based RSRP report may be required
· Pathloss estimation procedure have to be changed

	Alt.2: Network signaling based approach

(a.k.a. Close-loop TPC)
	· No change on Pathloss estimation procedure in Rel.11
	· Rel.11 UE might cause legacy UE problems in future releases (if open-loop TPC is specified in later release)

· RRC signaling overhead is increased
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Figure 1: Rel.11 UE might cause the legacy UE problem in future releases if Open-loop would not be supported in Rel.11

Proposal 1:

CSI-RS based PL estimate approach TPC (a.k.a. Open-loop TPC) should be supported in Rel.11. 

Proposal 2:

After CSI-RS based PL estimate approach TPC is agreed, the network signaling based approach can be discussed if it is needed. 

2.2 UL TPC procedure of legacy UEs in CoMP scenario 4

Even though Alt.1 or 2 is supported for Rel.11 UEs, legacy UE cannot benefit from any of these enhancements directly. Therefore, the decision between alt.1 or alt.2 should be independently discussed from the UL TPC procedures for legacy UEs.

However, from the system point of view, we also have to consider legacy UEs’ UL TPC procedure in CoMP scenario 3 and 4 since legacy UEs will have a large impact on the system performance.  For CoMP scenario 3, we think CRS based TPC can be utilized for legacy UEs. Therefore, we do not see any problems in CoMP scenario 3.  In CoMP scenario 4, there are two options for legacy UEs.

Option 1: To utilize CRS based UL TPC, transmission power is set to macro eNB in most cases.

Option 2: Not to rely on open-loop TPC, but instead use closed-loop TPC. Set the transmission power to the closest node.

For Option 1, we cannot expect CoMP gain if legacy UEs are dominant in CoMP set, and therefore this limits the system performance for Release 11 and later UE deployments.

On the other hand, in option 2, we can expect CoMP gain compared to Option 1 even if legacy UEs are dominant in CoMP set.
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Figure 2: Legacy UEs’ UL TPC procedure

3 Conclusion
In this contribution, we shared our views on TPC enhancement for UL-CoMP. Our proposals are summarized as following: 

Proposal 1:

CSI-RS based PL estimate approach TPC (a.k.a. Open-loop TPC) should be supported in Rel.11. 

Proposal 2:

After CSI-RS based PL estimate approach TPC is agreed, the network signaling based approach can be discussed if it is needed. 
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Observation (in the context of UL PC):


For the cases simulated so far, network signalling based approach has similar performance as CSI-RS base PL estimate approach


Additional simulation of high mobility cases may be helpful


In the case of RRC based approach, the network needs to monitor COMP UE uplink signals at multiple points, 


CSI-RS based approach is available only after CSI-RS is configured, 


In order for the network to figure out the CSI-RS configuration, one alternative is for the network to measure COMP UE uplink signal at multiple points


Another alternative is based on UE measurement and reporting of  RRM measurement set


Proposal:


support  CSI-RS based PL estimate


support  RRC signalled UE-specific adjustment


Details of both approaches is FFS
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