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1. Introduction
No enhancement to UL PC for PUCCH/PUSCH in Rel.11 was agreed in RAN1#68.

However, this agreement was concluded before discussing relevant session such as UL PC for SRS or RRM measurement/report. Moreover, many companies raised the concern on PUCCH power control in CoMP scenario 4 and they think that PUCCH power control enhancement has to be studied further because the serious degradation of PUCCH performance has been observed[1][2]. Therefore, a one Way Forward was proposed by 20 companies in the RAN1 #68bis meeting[3].

In this contribution, we show our view about necessity of UL PC enhancements of PUCCH/PUSCH, focusing initially on the PUCCH.
2. PUCCH power control issues in CoMP scenario 4
In this section, we describe the crucial issues of PUCCH transmission.
2.1. Potential pathloss error in CoMP scenario 4
In Rel-8–10 each UE estimates pathloss for the transmission power control by using the received power of cell-specific reference signal (CRS) and its transmit power indicated by a cell-specific parameter, ReferenceSignalPower. 

In CoMP scenario 4 the CRS is transmitted in an SFN fashion within the CoMP set. Therefore, the received power of CRS measured at the UE is the superposition of the received power of CRSs transmitted from multiple transmission points. Moreover, ReferenceSignalPower should be set to only one value even if the different transmission power between macro eNB(s) and LPN(s) is used within CoMP set. Consequently, a potential pathloss error due to the difference of transmission power is occurred, when the pathloss is measures with the same mechanism as in Rel. 8-10.

Figure 1 shows the C.D.F. of potential pathloss error when the legacy pathloss estimation scheme is applied in CoMP scenario 4. Subfigures 1(a) and 1(b) of Figure 1 show the pathloss error for simulation assumptions with configuration 1 and 4b [4], respectively. The detailed simulation assumptions are listed in Annex. In this simulation, we assume that UL association point is the closest reception point (macro eNB or LPN).

From Figure 1, it is observed that the pathloss error ranges from -3dB to 16dB. Therefore, transmit power of PUCCH can be higher than required and received power of PUCCH at LPN would differ among UEs without any compensation of pathloss error. Therefore, we reemphasize the following two observations when the Rel-10 TPC is applied to PUCCH.

Observations 1:
· There is potential pathloss error which is calculated from CRS transmitted in an SFN fashion and it will cause the received power difference 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.

	[image: image1.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-6 -4 -2 0 2 4 6 8 10 12 14 16 18

C.D.F.

pathloss error [dB]

All UE

Macro UE

LPN UE


	[image: image2.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-6 -4 -2 0 2 4 6 8 10 12 14 16 18

C.D.F.

pathloss error [dB]

All UE

Macro UE

LPN UE



	(a) Configuration 1
	(b) Configuration 4b


Figure 1: Potential pathloss error of Rel.10 TPC in CoMP scenario 4 (closest association point)
One of the most important issues is that this potential error can be a severe degrading factor of PUCCH performance. In the sections below, we explain this problem from the aspects of intra-area and inter-area. 
2.2. Intra-area interference issue caused by pathloss error
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 2 shows the potential power difference among received PUCCH in CoMP scenario 4. This difference is calculated as the power ratio of maximum received power to minimum received power in camp UEs. In the figure, it is shown that more than 10dB power difference in half of LPNs and more than 15dB in 10% of LPNs. These differences can cause inter-code interference at LPNs.
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	(a) configuration 1
	(b) configuration 4b


Figure 2: received power difference w/ Rel-10 based TPC

Figure 3 shows the BER performances 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 is assumed in these figures. The other details of simulation assumptions 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 differences of received powers between the target UE and other multiplexed UEs are set to [0, 3, 10, 15, 20] dB (These values are selected based on the results in LPN of Figure 2), and the BER performances of the target UE are shown. Here, we assumed that the target UE has the lowest received power of PUCCH among multiplexed UEs and the received powers of other multiplexed UEs than 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. According to the figure 2, a half of LPN has more than 10dB received power difference among camp UEs so that there is the UE which cannot satisfy the target BER ( =10-4) even if the LPN is not suffered interference from other area. Thus, even if the there is sufficient link margin to support sufficiently reliable PUSCH transmission, the PUCCH transmission may not achieve the required performance.

Observations 2:
· More than 10dB received power difference can be observed in CoMP scenario 4 deployment.

· Severe inter-code interference is observed with Rel.10 TPC without any close-loop operation.

2.3. Inter-Area Interference issue caused by pathloss error
Figure 4 shows the received SINR of PUCCH format 1b when UL-TPC is operated with rel-10 based pathloss estimation or ideal pathloss estimation. In this simulation, the interference power includes the all signal from the UE which transmits PUCCH to other RP. In this figure, grey line shows the target SINR of -4.4dB for PUCCH format 1b [5]. 
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	(a) Configuration 1
	(b) Configuration 4b


Figure 4: SINR performance for CoMP scenario 4

As shown in these figures, almost UEs obtain the target SINR when TPC is operated with correct pathloss estimation. However, when Rel-10 based pathloss estimation is used for TPC, macro UEs and a part of LPN UEs are degraded because of interference by LPN UEs which set high transmitted power with wrong pathloss estimation. As a result, more than 20% of all UEs cannot satisfy the target SINR.

Observations 2:
· When the Rel-10 TPC is applied to PUCCH transmission, more than 20% of all UEs cannot satisfy the target SINR because of the inter-area interference.

To avoid this inter-area interference issue, the interference coordination such as ICIC must be applied. However, it makes difficulty to obtain the area splitting gain.

Figure 5 and 6 show the PUCCH resource management in 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/area splitting gain of PUCCH, as one of the configuration of PUCCH enhancement in CoMP scenario 4 [6][7].
In this case, the resource of PUCCH for LPN can be reused to PUCCH for other LPNs. Therefore cell/area splitting gain can be obtained by reusing it. However, it is to be noticed that the reusing can be configured only when each UE set the transmission power to the closest reception point adequately. Therefore it is difficult to obtain the area splitting gain with Rel. 10 TPC.
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Figure 5: PUCCH transmission to macro eNB and LPN in CoMP Scenario 4
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Figure 6: PUCCH resource coordination for CoMP Scenario 4 

Observation 3:
Solution 1: Separate PUCCH resources for each RP

· Inter-area interference may be mitigated by setting separate PUCCH resources for each RP

· However, it will compress PUSCH resource depending on number of LPN.
· In addition, even with setting separate PUCCH resources for each RP, sufficient performance may not be achieved because of severe inter-code interference.
Solution 2: Shared PUCCH resources for all RPs
· It is essential that all UEs should set transmitted power to closest point in order to obtain the area 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.
2.4. Closed-loop power control issue
As shown in 2.1, UEs may have the pathloss error about 16dB when Rel-10 based pathloss measurement is operated. Therefore, if no enhancement is applied for open-loop PC, this pathloss error has to be compensated by 2bit TPC command. It means that a large number of TPC commands (e.g. 16 commands) are required to compensate 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.
Observation 4:
· Closed-loop power control has to be used to avoid the severe intra/inter area 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.
From above 4 observations, we propose:

Proposal 1:

· UL TPC procedure has to be enhanced in Rel.11 taking into account the enhancement for PUCCH.
· RAN1 should re-open discussion on PUSCH/PUCCH power control to obtain the area splitting gain sufficiently.
2.5. CSI-RS based PL measurement

From above observations, it is obvious that UL TPC enhancement is essential to improve the performance of PUCCH in CoMP scenario. On the other hand, in RAN1 #68, following conclusions are agreed about RRM measurement/report [8]:


This means that CSI-RS based received signal quality measurement and report were 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 PUCCH.

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

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

5.1. Simulation assumptions

Table 1 Simulation assumptions for system level (PL calculation) (Fig. 1, Fig. 2 and Fig. 4)
	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

	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

	Channel model
	Ideal (No fading and No noise)


Table 2 Simulation assumptions for system level (PUCCH transmission) (Fig. 2 and Fig. 4)
	Parameters
	Assumptions

	Reception point selection
	Ideal selection

Pathloss based reception point selection 

	UE Tx power
	23 dBm

	Target Rx power level
	PO_PUCCH = -106dBm (both of macro eNB and LPN)

	PUCCH generation
	Random, Max 8 UEs per a reception point

	PUCCH resource
	1PRB


Table 3 Simulation assumptions for link level (Fig. 3)

	Parameters
	Assumptions

	PUCCH format
	1b

	Carrier frequency
	2 GHz

	Number of code-division-multiplexed UEs per an OCC code
	4, 6

	Antenna configuration
	1 x 2

	Channel model
	Extended Typical Urban

	Channel estimation
	Ideal

	UE mobility
	3km/h


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.








R1-121881           Way forward on Power Control, 


Huawei, Ericsson, ETRI, HiSilicon, Hitachi, HTC, Intel Corporation, InterDigital, ITRI, KDDI, KT, LG Electronics, LG-Ericsson, Mediatek, New Postcom, Pantech, Research In Motion, Samsung, Sharp, ST-Ericsson


PUCCH power control enhancement is worth further study


PUSCH power control discussion should be re-opened


Focus further discussions on open-loop power control enhancements


CRS-based and CSI-RS-based path loss estimation enhancements are baseline (considering the working assumption on use of CSI-RS for CoMP set management)


RRC configured adjustment is not precluded
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