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1 Introduction
In RAN1#68 meeting, no enhancement to UL PC for PUCCH/PUSCH in Rel.11 was agreed. However, after that, an enhancement to UL PC for SRS also discussed and the conclusion was following [1];
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Then e-mail discussion about above was held after #68 meeting. In this case, if SRS PC enhancement is agreed, the conclusion of PUCCH/PUSCH seems to be applicable.
In this contribution, we show our view about necessity of UL PC enhancements.
2 SRS power control issues
2.1 SRS power control issues
In the last meeting and also in the e-mail discussion, SRS PC enhancement was discussed from the viewpoint of CoMP scenario 4. In the discussion, some companies were concerned about increase of UL interference and the UE power consumption if transmission power of SRS is defined based on Rel.10 TPC. We also share the same view with these companies that some enhancements have to be specified in CoMP scenario 4.
· Support of separation of DL and UL association points

Firstly, the common understanding is the support of separation of DL and UL association points can achieve significant throughput gain in both CoMP and non-CoMP cases since optimum transmission point and optimum reception point are different in usual deployment [2]. When the CRS is transmitted in SFN fashion in CoMP scenario 4, each UE cannot separately estimate the actual pathloss between the UE and each reception point. This means that the SRS PC is not optimized in CoMP scenario 4, while it is not the case in the other CoMP scenario. We show one example of the SRS enhancement scenario below and show the serious issues of Rel.10 TPC in terms of SRS enhancement.
· SRS enhancement

Regarding an SRS PC enhancement, some enhancements were proposed such as:

· Enlarging the range of PSRS_OFFSET,
· Two separate SRS PC parameters for DL CoMP and UL CoMP in TDD
and so on [3] – [5].
These SRS enhancements are discussed assuming the PC process is continuously operating beneficially. However, the error of SRS transmission power may cause the following issues regardless of any enhancements are specified.
· Unpredictable interference to/from other UEs.

· Too much dynamic range at the reception point.

· Inaccurate channel estimation

In the following, we show the example of pathloss estimation errors as a reference to the SRS transmission error.

Figure 1 shows the C.D.F. of potential pathloss error for each UE under the condition where the CRS is transmitted in SFN fashion.
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	(a) RP : macro eNB
	(b) RP : closest LPN


Figure 1: Pathloss error of Rel.10 TPC in CoMP scenario 4 (Fixed association point)
(based on CRS transmitted in SFN fashion)
Figure 1 show the pathloss error of Rel.10 TPC in CoMP scenario 4. In these figures, we assume that UL association point is fixed and it is either the macro eNB (Fig. 1(a)) or closest LPN (Fig. 1(b)) within a CoMP set. The pathloss error is calculated by the difference between the real pathloss and estimated pathloss. Note that, in these figures, when the pathloss error is positive, this means that the transmission power is higher than the ideal transmission power. The details of simulation assumption and pathloss error calculation are shown in Annex.
As shown in these figures, when the UE is located near a macro eNB, the estimated pathloss is lower than real pathloss between UE and macro eNB in most cases. It is because CRSs from macro eNB and LPNs are jointly received at a UE so that Rx power of CRS is higher than the Rx power of CRS from macro eNB.

From Figure 1 (a), it is observed that 10% UEs have more than 23dB pathloss error in configuration 1 [6] so that received SRS power level at macro eNB would diverge greatly from the ideal without any compensation of pathloss error.

From Figure 1 (b), similar to Figure 1 (a) case, it is observed that 10% UEs have more than +15dB pathloss error and another 10% UEs have less than -7dB pathloss error in configuration 1 so that received SRS power level at LPN would also diverge greatly from the ideal without any compensation of pathloss error.
More specifically, we describe the examples of consequents of this error below in the case that we assume that two separate SRS PC parameters for DL CoMP and UL CoMP in TDD are specified for SRS enhancement. For DL CoMP, some of the SRSs may be received at macro eNB. However, the transmission power is sometimes lower than the required received power, especially by 45dB in the worst case. In this case, the SRS signal cannot be received at the macro eNB, and thereby the channel reciprocity cannot be utilized without any compensation of pathloss error.
On the other hand, for the UL CoMP, the SRS transmission power should be adjusted to the closest LPN because of the interference minimization. In Figure 1 (b), the transmission power can be sometimes 16 dB higher than the ideal SRS transmission power without any compensation of pathloss error. In this case, the SRS interference to the other UEs tends to be larger in the UL CoMP.
From the above considerations, these pathloss errors may cause the serious SRS performance degradation so that the compensation of pathloss error is required. However, it requires a lot of TPC commands since its range is only -1dB to 3dB per one TPC command.
Observations 1:

· Received SRS power level at macro eNB or closest LPN would be diverge greatly from the ideal  with Rel.10 TPC without any compensation of pathloss error, e.g. closed-loop TPC, in CoMP scenario 4.
· A large number of TPC commands and RRC configuration, e.g. configuration of PO_UE_PUSCH and PSRS_OFFSET, for pathloss error compensation for SRS may be required within a short time period.
In the next section, we describe the issues of PUCCH transmission in CoMP scenario 4 as it relates to SRS PC.
2.2 PUCCH PC in CoMP scenario 4
In this section, we describe the crucial issues of PUCCH transmission. 
Figure 2 (a) and (b) show the results of the case in configuration 1 and 4b [6], respectively. In these figures, we assume that UL association point is the closest reception point (macro eNB or LPN).

Pathloss Error
From Figure 2, it is observed that 10% LPN UEs have more than 15dB pathloss error and another 10% LPN UEs have less than 3dB (in config. 1) or 5dB (in config. 4b) pathloss error. The pathloss errors of LPN UEs range from -3dB to 16dB as shown in Figure 2 so that received PUCCH power level at LPN would be diverse values without any compensation of pathloss error.

Therefore, we can reemphasize two following observations when the Rel-10 TPC is applied to PUCCH.

Observations 2:
· There is potential pathloss error which calculated from CRS transmitted in an SFN fashion and it will cause the diverse received power levels among UEs at the closest reception point without any compensation of pathloss error in CoMP scenario 4.
· There are UEs with higher transmitted power level than required when the UE sets the reception point to LPN.
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	(a) Configuration 1
	(b) Configuration 4b


Figure 2:  Potential pathloss error of Rel.10 TPC in CoMP scenario 4 (closest association point)
Performance degradation of PUCCH performances due to inter-code interference
One of the most important issues is that this pathloss error can be a potential degrading factor of PUCCH performance. Namely, in PUCCH transmission, no fractional TPC is applied so that PUCCH signals from multiple UEs can be transmitted and multiplexed in code division multiplexing (CDM) manner. Hence the different received power among UEs is not desirable for CDM transmission.
Figure 3 shows the BER performance of PUCCH format 1b where 4 UEs and 6 UEs are multiplexed in CDM manner with the same OCC. In order to ideally analyze the impact of inter-code interference only, perfect channel estimation and no mobility are assumed in these figures. The other details of simulation assumption are listed in Annex.
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	(a) 4 UEs
	(b) 6 UEs


Figure 3:  BER performances in the case of TPC errors (PUCCH format 1b)
In these figures, the pathloss estimation errors are set to [0, 9, 11, 20] dB, and the BER performance of the target UE is shown. Here, we assumed that the target UE has the lowest received power of PUCCH among multiplexed UEs. Moreover, the pathloss estimation errors are reflected as the difference of received PUCCH power between the target UE and the other multiplexed UEs. Here, we assumed that the received powers of UEs except the target UE are the same. As shown in these figures, the difference of received PUCCH power among UEs causes the severely degraded performance of PUCCH transmission even with the perfect channel estimation so that closed-loop power control has to be used to avoid the severe inter-code interference.
Thus, even if the there is sufficient link margin to support sufficiently reliable PUSCH transmission, the PUCCH transmission may not achieve the required performance. In addition to that, a large number of TPC commands are required to compensate the pathloss estimation error in a short period. Therefore we think that it is unclear that TPC commands can guarantee the proper power control process without any performance degradation and/or delay.
On the other hand, if TPC enhancement which is based on the accurate pathloss between UE and RP is introduced, degradation described in the above can be prevented.
Observations 3:

· Severe inter-code interference is observed with Rel.10 TPC without any close-loop operation. 
· Closed-loop power control has to be used to avoid the severe inter-code interference. However, lots of TPC commands and RRC configuration, e.g. configuration of PO_UE_PUCCH, for pathloss error compensation for PUCCH is required within a short time period.
Cell/point splitting gain of PUCCH
In addition to the above analysis, we identify the reason why UL TPC is necessary for CoMP scenario 4 below. Figure 3 and 4 show the PUCCH resource management in CoMP scenario 4.
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Figure 4: PUCCH transmission to macro eNB and LPN in CoMP Scenario 4
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Figure 5: PUCCH resource coordination for CoMP Scenario 4 

As shown in the above figures, it is proposed that each PUCCH which targets macro eNB/LPNs is allocated for adequate PUCCH resource in order to maximize cell splitting gain of PUCCH, as one of the configuration of PUCCH enhancement in CoMP scenario 4 [7][8].
In this case, it is difficult to reuse the resource of PUCCH for macro eNB to that for LPNs since PUCCH transmission to macro eNB has higher signal power which may become the interference at LPNs. However, the resource of PUCCH for LPN can be reused to PUCCH for other LPNs. Therefore cell/reception point splitting gain can be obtained by reusing it. Since this reusing can be configured only when each UE set the transmission power to the closest reception point adequately, it is difficult to obtain the splitting gain with Rel. 10 TPC.
Observation 4:
· It is essential that all UEs should set transmitted power to closest point in order to obtain the RP splitting gain for PUCCH in CoMP scenario 4.
· It is difficult to obtain the splitting gain with Rel. 10 TPC since each UE has to set the transmission power to the closest reception point.
From above 4 observations, we propose:
Proposal 1:
· UL TPC procedure has to be enhanced in Rel.11 taking into account the enhancement for SRS and PUCCH.

· RAN1 should re-open discussion on PUSCH/PUCCH power control to obtain the point splitting gain sufficiently.

2.3 CSI-RS based PL measurement
From above observations, it is obvious that UL TPC enhancement is essential to improve the performance of SRS and PUCCH in CoMP scenario. On the other hand, in RAN1 #68, following conclusions are agreed about RRM measurement/report [1]:


This means that CSI-RS based received signal quality measurement and report was agreed as working assumption, and the above TPC enhancements are achieved by using CSI-RS based RSRP measurements.
Proposal 2:
· CSI-RS based open-loop should be specified as UL TPC enhancement for PUSCH/PUCCH/SRS.
3 Conclusion
In this contribution, we shared our views on TPC enhancement for UL-CoMP. Our proposals are summarized as following:

Proposals:

· Proposal 1:

· UL TPC procedure has to be enhanced in Rel.11 taking into account the enhancement for SRS and PUCCH.

· RAN1 should re-open discussion on PUSCH/PUCCH power control to obtain the point splitting gain sufficiently.
· Proposal 2:

· CSI-RS based open-loop should be specified as UL TPC enhancement for PUSCH/PUCCH/SRS.

4 References
[1] RAN1 chairman, “RAN1 chairman’s note”, RAN1 #68, February, 2012.

[2] R1-113350, Sharp, ‘Necessity of TPC enhancements to Solve Asymmetric DL/UL Coverage Issue in HetNet Scenarios”, RAN1 #66bis, Oct., 2011.

[3] R1-120555, Qualcomm inc., “SRS enhancements in support of Uplink CoMP”, RAN1 #68, February, 2012.
[4] R1-120501, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, “Discussion on Fractional Power Control Enhancement for UL CoMP”, RAN1 #68, February, 2012.
[5] R1-120443, LG Electronics, “SRS Enhancements for CoMP in Rel-11”, RAN1 #68, February, 2012.
[6] 3GPP, “TR36.814, v. 9.0.0”, March, 2010.
[7] R1-120184, Samsung, “PUCCH Transmissions for UL CoMP”
[8] R1-120445, LG Electronics, “PUCCH for UL CoMP Scenarios”
5 Annex

5.1 Simulation assumptions
5.1.1 Simulation assumptions for pathloss error calculation

Table 1 Simulation assumption for pathloss error calculation
	Parameters
	Assumptions

	Deployment scenarios
	CoMP scenario 4

	Carrier frequency
	2 GHz

	Macro area layout
	Hexagonal grid layout

19 macro cell sites / 3 macro areas per macro cell site, wrap-around

	Number of LPNs per macro area
	4

	Number of UEs per macro area
	25 for configuration 1

30 for configuration 4b

	CRS setting
	10 MHz, CRS is transmitted in SFN fashion

	Macro eNB (high power RRH) Tx power
	46 dBm

	LPN (low power RRH) Tx power
	30 dBm

	Reception point selection
	Ideal selection

Pathloss based reception point selection 

	Coordination area for CoMP
	1 macro eNB and 4 LPNs within the macro area

	Pathloss model
	ITU UMa for macro eNB – UE link

ITU UMi for LPN – UE link


5.1.2 Simulation assumptions for PUCCH transmission

Table 2 Simulation assumption for pathloss error calculation

	Parameters
	Assumptions

	PUCCH format
	1b

	Carrier frequency
	2 GHz

	Number of code-division-multiplexed UEs
	4, 6

	Antenna configuration
	1 x 2

	Channel estimation
	Ideal


5.2 Details of pathloss error calculation

In our simulation, ReferenceSignalPower is set to the transmission power of macro eNB, and 1 macro eNB and 4 LPNs have the same cell ID. Specifically, we calculate the followings:

The received power of CRS is obtained by
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(1)
where Pmacro is the transmission power of macro eNB, and Pi is the transmission power of ith LPN. PLmacro is the pathloss between each UE and macro eNB, and PLi is the pathloss between each UE and ith LPN. Next, the estimated pathloss is calculated by using the obtained received power.
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Finally, we calculate the potential pathloss error according to the association point.















Conclusion:


Working assumption according to R1-120895 (as modified above) so that work can continue.


Send an LS to RAN4 asking them to inform RAN1 what timing and measurement accuracy is feasible.


The final decision as to whether to confirm or abandon the working assumption will be made by RAN1 depending on the feedback received from RAN4. RAN1 may also take into account other information.





LS to RAN4 to be drafted in R1-120908 – Boon.


Approved in R1-120929 with the following change.


RAN1 respectfully requests RAN4 to inform RAN1 what timing and measurement accuracy is feasible for CSI-RS based received signal quality measurement.





LS to RAN2 to be drafted in R1-120909 – Boon – RAN2 included in 929.











Continue discussion until next meeting. Consider the issues such as


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
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