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1 Introduction 
In RAN1#67, RAN1 discussed two alternatives for enhanced UL PC for UL CoMP. 
· Alt 1: RRC signalled UE-specific adjustment on UL PC

· Alt 2: CSI-RS based PL adjustment on UL PC
In this contribution, we present Samsung’s view on the UL PC related to the two alternatives. 

2 Criteria on UL PC enhancements for CoMP scenario 4
In CoMP scenario 4 with geographically distributed RRHs as illustrated in Figure 1, all the transmission points, including Macro and RRHs, share the same cell ID. The main purpose of the UL PC enhancement is that if a UE is far from any of the RRHs, then the UE uses RP-common transmission to connect to the Macro-eNB and nearby RRHs; meanwhile, if a UE is close to one or a few RRHs, then it is using so-called RP(s)-specific transmission to connect to the closest RRH. The blue lines indicate RP-common uplink transmissions that are received by both the Macro and the RRHs, whereas red lines indicate RP(s)-specific uplink transmissions that are received by nearby RP(s) only. 
We propose the following enhancement criteria for the UL PC: 

1. The UL PC enhancement should help UEs save battery power whenever possible;
2. The UL PC enhancement should ensure good connectivity for the UE in both RP-common and RP-specific transmissions;
3. The enhanced UL PC mechanism should robustly be applicable even if the network cannot reliably obtain all the UEs’ UL channel situation in the macro area. 
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Figure 1: Illustration of RP-common and RP(s)-specific communications in the Uplink of a MIMO system with distributed antennas.   All transmission points are assumed to have the same Cell ID.
3 System-level evaluations
To quantify the benefits of the alternatives of UL PC enhancement, system-level evaluations were performed under three different OL PC scenarios:

1. Macro-CRS: Only the macro eNB transmits CRS, with the small-power TPs does not transmit signals on the CRS REs. UEs estimate PL based on the macro CRS and apply the Rel-8 OL PC. 

2. SFN-CRS: All the TPs in the macro area transmit CRS in the SFN manner. UEs estimates PL based on the SFN CRS and apply Rel-8 OL PC. 

3. Minimum PL based on CSIRS (CSIRS-MinPL): UEs estimate multiple PLs based on the configured CSI-RS from multiple TPs, and apply OL PC with the smallest PL. 
The first two scenarios are representing OL PCs without any spec change. On the other hand, the third scenario, i.e., minimum PL based on CSI-RS represents a case not only with UL PC enhancement Alt 2, but also with UL PC enhancement Alt 3 provided that the network acquires sufficient information to determine UL PC PL offsets. 

Table 1 shows UL CoMP system-level simulation results with (alpha, P0) = (1,-106). Detailed simulation assumptions can be found in Appendix. The following observations are made out of the simulation results:

· Macro-CRS generates poor cell-edge throughput numbers with very high IoT, which is owing to overestimation of the pathloss. 
· SFN-CRS generates larger average cell throughput numbers than the CSIRS-MinPL, at the expense of elevated IoT level. 

Apparently, macro-CRS is not good for the UL PC. Between SFN-CRS and CSIRS-MinPL, it is hard to say one is better than the other as the results in Table 1 are obtained with different average IoTs, or with different average UL transmission powers. Even if the SFN-CRS achieves a larger throughput than the CSIRS-MinPL, the SFN-CRS spends more average UL transmission power than the CSIRS-MinPL, and hence the comparison is not fair. 

Table 1 UL CoMP system-level simulation results with (alpha,P0) = (1.0, -106)

	Node drop config.
	UL PC Option
	Avg. cell throughput (bps)
	5%ile throughput (bps)
	IoT (dB)

	4b
	Macro-CRS
	7.502
	0.003
	45.181

	
	SFN-CRS
	10.054
	0.103
	16.942

	
	CSIRS-MinPL
	7.336
	0.094
	6.073

	1
	Macro-CRS
	6.842
	0
	41.377

	
	SFN-CRS
	7.836
	0.023
	19.303

	
	CSIRS-MinPL
	6.303
	0.083
	7.6


In order to compare the different UL PC options in a fair way, multiple system-level simulations with different (P0, alpha) are performed for each UL PC option, and results with IoT ~ 10 dB are collected in Table 2. The table shows that CSIRS-MinPL achieves 10% cell-average throughput gain and 28% cell-edge throughput gain over SFN-CRS in configuration 4b; and CSIRS-MinPL achieves 6% cell-average throughput gain and 348% cell-edge throughput gain over SFN-CRS in configuration 1.  
Table 2 UL CoMP system-level simulation results with IoT ~ 10 dB
	Node drop config.
	(P0, alpha)
	UL PC Option
	Avg. cell throughput (bps)
	5%ile throughput (bps)
	IoT (dB)

	4b
	(-106,0.7)
	Macro-CRS
	7.218
	0.004
	12.312

	
	(-106,0.9)
	SFN-CRS
	9.133
	0.089
	9.409

	
	(-85,0.8)
	CSIRS-MinPL
	10.03
	0.114
	11.993

	1
	(-106,0.7)
	Macro-CRS
	5.72
	0.001
	10.809

	
	(-106,0.9)
	SFN-CRS
	7.655
	0.029
	10.385

	
	(-85,0.8)
	CSIRS-MinPL
	8.143
	0.101
	12.811


In summary, we make the following observation:

Observation: UL PC enhancement (CSIRS-MinPL) achieves significant cell-edge throughput gain over SFN-CRS and Macro-CRS in CoMP scenario 4. 

4 Comparison of Alt 1 and Alt 2

Provided that the network can estimate all the UEs’ UL channel strength to all the RPs reliably, the throughput numbers achieved by Alt 1 and Alt 2 are expected to be of a similar order. However, Alt 1 does not seem to be a complete solution as the assumption may not hold when practical constraints are considered. 

· Network implementation complexity: UL channel measurement based RP associations requires the network to implement UL measurement for all the UEs in the macro area in order to deploy CoMP scenario 4. This increases the network implementation complexity and reduces network implementation flexibility. 

· Inaccuracy of PL estimation relying on UL signals: 

· UL intra-cell interference: As UL resources are reused among RRHs in scenario 4, the received UL signals may suffer from co-channel intra-cell interference which result in non-reliable PL estimations. In contrast, CSI-RS has a large reuse factor and the muting mechanism provides more reliable PL estimations. 

· Partial BW PL measurement: Unless full-BW SRS are scheduled to UEs, it is not guaranteed that the network can estimate the PL over the full BW. Relying on partial bandwidth PL, the UL RP association and UL PC may become highly suboptimal in case of highly frequency-selective channels. On the other hand, CSI-RS provides more reliable PL estimation based on the full-BW measurement. 

· SRS capacity issue: Before an RRH RP is determined for a Rel-11 UE, the Rel-11 UE is likely to be assigned of a Rel-8 SRS base sequence. Hence, if SRS has to be used for determining RP associations by Rel-11 UEs, Rel-8 SRS subframes can be easily over-crowded. In contrast, when CSI-RS based method is used, this problem does not happen as a Rel-11 UEs nearby an RRH RP does not need to be assigned with Rel-8 SRS.
On the other hand, it was argued in RAN1#67 that Alt 2 increases specification efforts and complexity in UE implementation. However, the UE complexity in estimating PL out of CSI-RS is much less than estimating CSI out of CSI-RS which anyway should be implemented, and the additional specifications seem to be minimal as PL estimation from CRS can be largely reused for CSI-RS based PL estimations. Furthermore, PL estimation out of CSI-RS is a natural continuation of the Rel-8 mechanism of assisiting eNB’s UL PC configuration with UE’s measurements. 
Having these observations, we make the following proposal:
Proposal: Alt 2 (CSI-RS based PL adjustment on UL PC) should be adopted for UL PC in Rel-11. 

5 Conclusion
In this contribution, we presented system-level simulation results and made the following observation:

· Observation: UL PC enhancement significantly improves cell-edge throughput in CoMP scenario 4. 
In addition, we also considered pros and cons of the two alternatives on UL PC enhancements:
· Alt 1: RRC signalled UE-specific adjustment on UL PC

· Pros: UEs do not need to estimate PL out of CSI-RS to report back to the network.
· Cons: It is not always guaranteed that the network has sufficient information to perform UL PC and UL RP association for all the UEs in the macro area, owing to the network implementation complexity, inaccurate PL estimation relying on UL signals, and the SRS capacity issue.

· Alt 2: CSI-RS based PL adjustment on UL PC
· Pros: Provides robust solution for UL PC and UL RP association in CoMP scenario 4. PL estimation out of CSI-RS is a natural continuation of the Rel-8 mechanism of assisiting eNB’s UL PC configuration with UE’s measurements.
· Cons: Slight increase of UE complexity for estimating PL based on CSI-RS, and marginal specification impacts. 
Having these observations, we propose that Alt 2 should be adopted for UL PC in Rel-11. 
6 Appendix: System-level simulation assumptions

	Parameter
	Values used for evaluation

	Access scheme 
	SC-FDMA 

	Number of Tx antenna at the UE
	1

	Number of Rx antenna at the eNB/RRH/Pico nodes
	· Macro: 2

· Low Tx power RRH/Pico (in applicable scenarios) : 2

	UL power control
	· Power control parameters (P0 and alpha) are chosen according to the deployment scenario. (IoT reported with simulation results.)
· Total maximum transmission power (sum over all Tx antennas): 23 dBm 
· No TPC based adjustment (to focus on the differences of the OL PC component). 

	UL receiver type
	MRC

	Channel estimation for DMRS & SRS
	Ideal

	HARQ scheme 
	Chase Combining with 8 maximum transmission rounds

	Scheduling algorithm
	Non-Channel-dependent

	Downlink cell selection (CRE)
	0 dB

	CoMP set selection bias
	9 dB

	Reception point/s selection
	Specified as part of CoMP scheme

	Backhaul assumption
	Zero delay

	CoMP scheme
	CoMP JR
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