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1. Introduction

In RAN1 #65, phase 1 evaluation results for UL CoMP were provided in [1-5], and additional evaluation results based on [6-7] are provided in [8]. In this contribution, we share our views on the necessary enhancements to support efficient UL CoMP in Rel-11 based on simulation results.
2. Observation for UL CoMP from evaluation results
According to the evaluation results, it is obvious that UL CoMP can drastically improve both average and cell-edge throughput and adequate for Rel-11 enhancements. Especially it was shown in [8] that CoMP JR is beneficial for dense eNB deployment scenarios as a means to better interference management (i.e. spatial interference cancellation). However, it is also confirmed that the remarkable gain can be achieved by CoMP JR with DMRS orthogonality irrespective of bandwidth assignment among CoMP sets. Hence, it would be reasonable to agree on CoMP JR in Rel-11 together with at least additional orthogonal mechanism of DMRS.

Meanwhile, CoMP JR is also useful for HetNet because there is a potential issue of coverage gap between DL and UL. This is because Tx power is 16 dB different between macro eNB and LPN according to [6]. Thus as in Figure 1, the camped cell determined from DL perspective isn’t always optimum for UL. If additional mechanism to realize “different camped cell for DL and UL” is introduced, unrealistic standardization efforts will be imposed on RAN 2. In contrast, CoMP JR can achieve transparent signal reception, thus this mismatch can be solved by eNB implementation or less specs impacts for RAN 1.

On the other hand, it would not be easy for all eNBs to employ CoMP JR because it also requires complicated scheduler and signal reception processing. Hence, lower complexity CoMP technique is preferable considering the early commercial release of eNB. In our view, it is also necessary to support CoMP CS to enjoy the gain by much simpler implementations.

Taking above discussions into account, we propose following for UL CoMP. The necessary spec modifications to support efficient UL CoMP are discussed in the following sections.

Proposal:

· Agreed on UL CoMP for Rel-11 WI

· Rel-11 specs should support CoMP JR to achieve maximum gain

· Standardized mechanism to assist CoMP CS (i.e. easier CoMP) should also be supported in Rel-11 for the sake of easier CoMP implementation
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Figure 1 Use case of CoMP JR in HetNet scenario

Table 1 Summary of consequence analysis when CoMP JR is introduced

	UL Channel / Signal
	Issues
	Possible Solutions
	Remarks

	PRACH
	· Coordination among CoMP sets
	· PRACH can be received by camped cell only
	· No spec impact
· The same mechanism as Rel-8/9/10

	
	· Optimum TA is deferent within CoMP sets
	· Adjust TA value using SRS received by the nearest eNB
	· No spec impact

· eNB implementation issue

	PUCCH
	· Orthogonality among CoMP sets
	· FFR (i.e. FDMA) or TDMA
	· No spec impact

· Resource depletion should be confirmed

	
	· 
	· Root sequence coordination
	· No spec impact

· Not feasible for dynamic A/N resource allocation

	
	· Transmit power is determined from pathloss to camp cell
	· Introduce new TPC mechanism / formula optimum for multi-point Rx
	· Standardization effort is needed

	
	· 
	· Closed loop TPC by 
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	· Need to check whether the value range of [-8..7] dB is adequate or not.

	PUSCH
	· Transmit power is determined from pathloss to camp cell
	· Introduce new TPC mechanism / formula optimum for multi-point Rx
	· Standardization effort is needed

	
	· 
	· closed loop TPC by 
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	· Need to check whether the value range of [-8..7] dB is adequate or not.

	DMRS
	· Inter cell orthogonality
	· cyclic shift w/ root sequence coordination
	· BW should be aligned

	
	· 
	· OCC (reuse of Rel-10 spec)
	· layer multiplexing is limited to two

· SGH should be disabled

	
	· 
	· IFDM
	· Standardization effort is needed

	SRS
	· Orthogonality among CoMP sets, i.e. coverage enhancement
	· multi-shot A-SRS
	· Standardization effort is needed

	
	· 
	· cyclic shift w/ root sequence coordination
	· resource  depletion

	
	· 
	· A-SRS muting 
	· complexity of sequence choice by operators

	
	· Resource depletion
	· introduce new SRS resources
	· Standardization effort is needed

	
	· 
	· enhancements for A-SRS
	· Further study is needed, especially whether A-SRS in Rel-10 is sufficient or not.

	
	· 
	· use of DMRS
	· Further study is needed, especially whether A-SRS in Rel-10 is sufficient or not.


3. Necessary spec supports for CoMP JR
In this section, we analyse necessary functionalities to realize CoMP JR taking CoMP scenario 3 into account because scenario 3 is the most efficient scenario for CoMP JR. The consequence and possible solutions for each channel/signal are summarized in Table 1. In short, it is deemed that TPC, DMRS and SRS should be enhanced to achieve friendlier system with CoMP JR due to the following reasons.

TPC: Until Rel-10, it is assumed that the reception antennas are co-located on the geographically same position, and hence the complicated TPC mechanisms aren’t required because the target Rx antenna is obvious. If multi-point reception is considered, the following OL-TPC strategies as below would be possible in addition to CL-TPC by cell-specific (P0) or UE-specific (
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) parameters:

· Option 1. Tx power is determined by AP0 from camped eNB, i.e. the same TPC formula as in Rel-8/9/10 is reused

· Option 2. Tx power is set for the closest eNB by introducing modified TPC formula

· reduction of ICI is emphasized

· Option 3. Tx power is set considering reception at all CoMP set eNBs

· assume use of ICI cancellation, and maximize of SINR is emphasized

Each option has each own benefit, however it is currently unclear how much gain can be obtained by Option 2 or 3, and how many spec changes are required. Hence, further study in RAN1 is necessary. 

DMRS: As described earlier, orthogonality of DMRS irrespective of bandwidth among UEs within CoMP sets is necessary to achieve the maximum CoMP JR gain. Although this orthogonality can be achieve by Rel-10 OCC, the same drawbacks, i.e. SGH disabling and code length limit of two, will be left unresolved. In order to overcome this negative spiral, introduction of additional orthogonal mechanism of DMRS such as IFDM would be preferred. 

SRS: One of the most important aspect to realize CoMP is definitely how to obtain accurate CSI between UE and non-camped cells. Because less impact for the specs is preferred, Rel-10 mechanism should be reused as much as possible. Fortunately, we have already specified dynamic aperiodic SRS (A-SRS) in Rel-10, and this mechanism can be utilized to obtain accurate inter-cell CSI because A-SRS muting is possible to improve A-SRS SINR similar to CSI muting in Rel-10 DL. However, A-SRS in Rel-10 is designed mainly for multiple-Tx scenario, and hence we should study whether the agreed mechanism is optimal for CoMP scenario. 

Proposal:

· Study following to support efficient CoMP JR

· Power control mechanism in order to set adequate Rx power at CoMP set eNBs.

· Study additional orthogonal mechanism for DMRS

· Orthogonality between CoMP sets irrespective of bandwidth assignment

· A-SRS should be used for inter-cell CSI measurement in CoMP scenario.

· Study A-SRS enhancements to achieve more efficient inter-cell interference measurement, e.g. coverage enhancement and/or resource utilization

4. Necessary spec supports for CoMP CS
Although CoMP JR can achieve remarkable gain as described earlier, it requires complicated scheduling and equalization at eNB. Hence CoMP CS is also important for the easy implementation of eNB. We think there are 2 steps for CoMP CS, and they can be utilized separately:

· Scheme 1: Coordinated resource assignment

· determine RB assignment considering actual RB assignment of interference UEs

· Option 1-1: If CSI of co-scheduled UE is known, effective interference and/or interference cancellation by MIMO equalizer is available.

· Option 1-2: If CSI is unavailable or unreliable, long-term average interference per UE is used as AWGN instead

· Scheme 2: MCS determination considering actual interference

· after the finalization of RB assignment

· Option 2-1: If CSI of co-scheduled UE is known, effective interference and/or interference cancellation by MIMO equalizer is available.
· Option 2-2: If CSI is unavailable or unreliable, long-term average interference per UE is used as AWGN instead
Different from slow-basis ICIC by OI and HII, these schemes aim at fast adaptation for ICI. In any case, a key factor would be how to obtain CSI in non-camped cells. Thus the same approach as CoMP JR for SRS should studied. In addition, , long-term fading information would be used instead to estimate rough interference power for the case where accurate CSI is unavailable. This can be achieved by using measurement report of RSRP that is already specified in Rel-8/9/10, namely:

Step 1. A UE start measuring RSRP of adjacent cells (eNB1 and eNB2 in Figure 2)

Step 2. The UE reports RSRP of CoMP sets to the scheduler via camped eNB (eNB0)

Step 3. The scheduler estimates UL pathlosses by using reported RSRPs, i.e. PL=Tx_power-RSRP
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Figure 2 Use of RSRP as long-term fading for interference estimation.

Although this approach doesn’t require any new spec supports, it is available only when long-term fading (i.e. coupling loss) is common for DL and UL regardless of antenna ports. Therefore, RSRP based solution might not applicable for the newly introduced scenario such as geographically separated antenna (scenario 4), because RSRP is derived by antenna port 0 (and complementally port 1). 

Proposal:

· Introduce a mechanism to exploit long-term fading information per antenna port, especially for geographically separated antenna scenario.

5. Conclusion

In this contribution, we discussed the UL CoMP scheme and corresponding enhancements relevant to the Rel-11 study. We propose the following.

Proposals:

· Agreed on UL CoMP for Rel-11 WI

· Rel-11 specs should support CoMP JR to achieve maximum gain

· Standardized mechanism to assist CoMP CS (i.e. easier CoMP) should also be supported in Rel-11 for the sake of easier CoMP implementation

· Study following aiming at efficient CoMP JR and CS

· Power control mechanism in order to set adequate Rx power at CoMP sets.

· New TPC formula appropriate for CoMP JR, and/or

· Expansion of TPC command

· Additional orthogonal mechanism for DMRS

· Orthogonality between CoMP sets irrespective of bandwidth assignment

· A-SRS enhancements to achieve more efficient inter-cell interference measurement, e.g. coverage enhancement and/or resource utilization

· A mechanism to exploit long-term fading information per antenna port, especially for geographically separated antenna scenario.
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