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1. Introduction
In RAN1#68, the issues on PUCCH for CoMP were discussed, and the following were agreed:
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In this contribution, we show our simulation results for dynamic ACK/NACK for UL CoMP, and propose that at least sequence randomization is necessary for CoMP scenario 4.
2. General Discussions

Considering the real life deployments, HetNet without CoMP would be introduced firstly, and then it might be extended to CoMP scenario 3. In addition, legacy UEs that do not support CoMP features will remain in the network for a while even after the CoMP features are implemented in the network. Therefore, the network is deployed to satisfy the ACK/NACK requirement, i.e. target SINR, regardless of support of the CoMP features by the UEs. On the other hand, considering that CoMP scenario 4 may be introduced after legacy UEs are almost vanished away, the network with the function of CoMP scenario 4 can be optimized aiming at new UEs capable of CoMP scenario 4. 
Meanwhile, the candidate solutions discussed in RAN1#68 are summarised as following: 

· Option 1. UE specific RB offset, i.e. 
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(referred as ”resource coordination”)
· In order to avoid macro-to-pico interference, or vice versa
· Option 2. UE specific root sequence assignment 
· In order to achieve the pseudo randomization among reception point(s)
· Option 3. Power control enhancement considering reception point(s)
· In order to avoid inter-cell interference by setting unnecessary transmission power
In our view, use of Option 1 should be avoided as much as possible because it would lead to depletion of PUSCH resources. Furthermore, Option 3 should be carefully investigated because Rx point specific power control is not introduced for PUSCH, and a common solution for all UL channels, e.g. PUCCH and PUSCH, is not available. Therefore, it should be firstly confirmed whether Option 2 can solve the problem (i.e. resource usage and required performance) on dynamic ACK/NACK, then we can go into the discussion whether or not Option 1 and/or 3 is necessary.

Observation:

· There is no strong motivation to introduce PUCCH enhancement for CoMP scenario 3 taking the coexistence of legacy UEs into account.
· In order to obtain cell splitting gain, UE specific sequence randomization should be prioritized, especially for CoMP scenario 4.
· Introduction of UE specific RB offset should be carefully investigated because it would lead to the PUSCH resource depletion.
· Introduction of additional power control mechanism should also be carefully investigated, because it was agreed that a new TPC mechanism for PUSCH would not be introduced, and hence a common approach with PUSCH is not available.

3. Evaluations
3.1. Assumptions
In this section, we show the simulation results on dynamic ACK/NACK to confirm whether the target value of average SINR (i.e. -4.4 dB as in [1]). Regarding transmit power control, the existing mechanism in Rel-8/9/10 specs is applied to both CoMP scenarios 3 and 4. The key assumptions are summarized below, and other assumptions are described in Table 1 in Annex.
· CoMP scenario 3
· Single reception point (i.e. serving cell) is assumed, and it is determined based on RSRP and CRE value as in Figure 1.
· The reception point (i.e. Cell) specific root sequence and Open loop (OL)-TPC are applied.
· Closed loop (CL)-TPC is not applied.
· CoMP scenario 4
· Single reception point is assumed.
· The reception point is determined based on path loss (which can be derived from RSRP and CRS, similar to CoMP scenario 3), assuming that the network can ideally acknowledge path loss values by using CSI-RS RSRP report or UL signals.
· Firstly, serving CoMP set is determined by using CRS.
· Then, the best reception point is chosen within the CoMP set
· The reception point specific root sequence is applied.
· The informed transmission power of DL is 46 dBm, regardless of UL reception point.
· Pathloss is derived from CRS port 0, and the following operation cases are assumed:
· Case 1: CRS is transmitted from macro eNB and pico eNB by SFN manner.
· Case 2: CRS is transmitted from macro eNB only.
· CL-TPC is applied.
· Note 1: When resource coordination is applied, different RBs are allocated for macro eNBs and pico eNBs at the expense of PUSCH resources of 3 RBs. 
· Note 2: It is assumed that the perfect orthogonality can be achieved by CS and OCC when the assigned root sequence is identical.
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Figure 1. Root sequence and reception point determination based on RSRP and CRE
3.2. Simulation results for CoMP scenario 3
Figure 2 shows the simulation results for CoMP scenario 3 with and without the CRE bias and/or the resource coordination. In this figure, C.D.F. of average SINR calculated subframe by subframe are shown, and the purple line shows the target average SINR of -4.4 dB. Note that the same target reception power, 
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=-106, is applied for both macro eNBs and pico eNBs. From Figure 2 (1-a), it is demonstrated that pico eNBs strongly suffer from the inter-cell interference from macro eNBs and 36 % UEs cannot satisfy the target average SINR when no CRE is applied. In this situation, use of CL-TPC may not be effective because the SINR range is very wide. However, it is found from Figure 2 (1-b) that the resource coordination using 
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, which is a cell specific parameter, is available to satisfy the target.  

On the other hand, as shown by the solid line in Figure 2 (2-a), 89 % of all the UEs can satisfy the target by applying CRE of 9 dB and 
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=-106 for macro and pico eNBs. Furthermore by applying the reduced target power for macro eNBs, i.e. 
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=-111, the interference from macro eNBs to pico eNBs is mitigated. As a result, the 99 % of all the UEs can meet the target average SINR. Thought the use of resource coordination can also be used to satisfy the target average SINR as shown in Figure 2 (2-b), the use of power control approach is preferable because the PUSCH resource depletion can be avoided. In either way, additional spec supports seem unnecessary.

Taking the above analysis into account, our observation can be summarized as following:

Observation:

· For CoMP scenario 3
· Reuse of the existing mechanism, i.e. CRE, cell specific 
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 and/or 
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 can solve the problem of inter-cell interference
Proposal:

· No additional spec support is necessary for CoMP scenario 3.
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	(1-a) C.D.F of average SINR
CRE=0dB, w/o resource coordination
	(2-a) C.D.F of average SINR 
CRE=9dB, w/o resource coordination
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	(1-b) C.D.F of average SINR 
CRE=0dB, w/ resource coordination
	(2-b) C.D.F of average SINR 
CRE=9dB, w/ resource coordination


Figure 2. Simulation results for CoMP scenario 3

3.3. Simulation results for CoMP Scenario 4
3.3.1. CRS port 0 is operated by macro and pico
Figure 3 shows the simulation results for CoMP scenario 4 which CRS is operated by both macro eNBs and pico eNBs (i.e. SFN). In Figure 3 (1-a) and (2-a) denote the C.D.F of average SINR without CL-TPC and with or without resource coordination. From these figures, it is found that macro eNBs strongly suffer from the interference resulting in satisfactory macro UEs of 60%. However, this situation can be improved by applying resource coordination as shown in Figure 3 (a-2).

On the other hand, pico eNBs also suffer from the strong interference from macro and/or pico eNBs. As a result, 5% of pico UEs cannot meet the target average SINR even if the reception point specific resource coordination is introduced. 
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	(1-a) C.D.F of average SINR w/o CL-TPC,
w/o resource coordination
	(2-a) C.D.F of average SINR w/o CL-TPC,
w/ resource coordination
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	(1-b) Convergence property by CL-TPC at average SINR of -4.4 dB
w/o resource coordination
	(2-b) Convergence property by CL-TPC at average SINR of -4.4 dB
w/ resource coordination


Figure 3. Simulation results for CoMP scenario 4, 
which CRS is operated by SFN from macro eNBs and pico eNBs
We confirmed the applicability of CL-TPC to achieve the desired received power at the reception point. The convergence property is shown in Figure 3 (1-b) for “w/o resource ordination” case and Figure 3 (2-b) for “w/ resource coordination” case, respectively. From these figures, it is demonstrated that CL-TPC cannot improve the interference for pico UEs. The reason for the strong interference to pico eNBs is explained by using Figure 4 below. Let’s assume a situation that a pico eNB is located on the boundary between macro eNB 1 and 2. The serving CoMP set is determined by comparing RSRP of CRS transmitted by (1) SFN of macro eNB 1 and pico eNB, and (2) Macro eNB 2. When CRS from macro eNB 1 suffer from strong shadowing, the RSRP from (2) would be higher than (1) due to the Tx power gap between macro eNB and pico eNB, even if a UE is located close to pico eNB. In this situation, the UE is attached to macro eNB2, and hence the pico eNB is never used as a reception point. As a result, this UE will be a strong interferer to this pico eNB.
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Figure 4. An example of strong interference to pico eNB

The reason why this situation happens is that mobility management by CSI-RS not supported, and the CoMP set selection is always determined by using a signal transmitted by macro eNB. Therefore, it is necessary to introduce mobility management by CSI-RS in order to realize the complete solution and desired behaviour.
Observation:

· For CoMP Scenario 4 which CRS port 0 is operated by macro and pico, 

· none of sequence randomization, resource coordination and TCP may be applicable to satisfy the target average SINR for pico eNBs.
3.3.2. CRS port 0 is operated by macro only
Figure 5 shows the simulation result for CoMP scenario 4 which CRS is operated by macro eNBs only, and Figures 5 (1-a), 4 (1-b), 4 (2-a) and 4 (2-b) correspond to those of Figure 3, respectively. These results show that the similar situation as Figure 3 has happened to this scenario, but the degradation is very serious compared to CoMP scenario 4 which CRS is operated by SFN. 
Observation:

· For CoMP Scenario 4 which CRS port 0 is operated by macro only, 

· none of sequence randomization, resource coordination and TCP may be applicable to satisfy the target average SINR for pico eNBs.

· The situation is much worse than CoMP Scenario 4 which CRS port 0 is operated by SFN
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	(1-a) C.D.F of average SINR w/o CL-TPC,
w/o resource coordination
	(2-a) C.D.F of average SINR w/o CL-TPC,
w/ resource coordination
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	(1-b) Convergence property by CL-TPC at average SINR of -4.4 dB,
w/o resource coordination
	(2-b) Convergence property by CL-TPC at average SINR of -4.4 dB,
w/ resource coordination


Figure 5. Simulation results for CoMP scenario 4, 
which CRS is operated by macro eNB only

The possible solution would be introducing mobility management by CSI-RS, as mentioned earlier. However, considering the impact of RAN2, 3 and 4, it is impossible to finalize all the standardization works within Rel-11 timeframe. Therefore, we think it is not necessary to rush into the agreements for CoMP scenario 4, and we can postpone the complete solution on PUCCH issues in Rel-12.

Proposal:

· The solution can be postponed to Rel-12, taking the introduction of mobility management by CSI-RS into consideration.

4. Conclusion

In this contribution, we showed our simulation results for dynamic ACK/NACK for UL CoMP scenario 3 and 4. Taking the simulation results, we proposal is summarized as followings:

· For CoMP scenario 3
· no spec change is necessary
· For CoMP scenario 4

· The solution can be postponed to Rel-12, taking the introduction of mobility management by CSI-RS into consideration.
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Annex
Table 1 Simulation Assumptions

	Parameter
	Explanation/Assumption

	Carrier Frequency
	2.0 GHz

	Cell Layout
	CoMP configuration in TR36.814 and TR36.819
57 macro eNBs and 228 pico eNBs

	UE drop configuration
	Config #4b (clustered), 

	Number of UEs 
	30 UEs per macro cell area, and 80% are indoor 

	Number of LPN per macro
	4

	Power Control
	P0_PUCCH  -106 for macro and Pico

	CRE bias
	0, 9 and 16 dB

	Transmission power
	Macro: 46 dBm
Pico: 30 dBm

	ACK/NACK generation
	random, maximum 8 UEs are to transmit dynamic ACK/NACK per reception point

	Number of PUCCH RBs used for dynamic ACK/NACK
	3
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	CoMP coordination 
	1 macro eNB and 4 pico eNBs 


Conclusion:�Continue discussion until next meeting. Potentially also take into account the related aspects in E-PDCCH discussion, in addition to COMP impact. Also consider the relation to PUCCH PC.
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