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1. Introduction
In RAN1#68, the signaling design of UL DMRS to support UL CoMP was discussed, and the following agreement has been made [1]:
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In this contribution, we show our views on the identified issues on UL DMRS for CoMP, i.e. (1) Alt 1 or 2 above, and (2) Dynamic or semi-static, from the viewpoint of achievable performance gain for CoMP scenario 1, i.e. intra-eNB CoMP. Furthermore, we propose that dynamic switching of DMRS parameters is necessary irrespective of the decision whether Alt 1 or 2.
2. UL CoMP scheme for CoMP scenario 1 and simulation result
As discussed in the earlier CoMP sessions in RAN1, CoMP scenario 1 (i.e. intra-eNB CoMP) is one of the most important scenarios because no high-speed backhaul is required. Regardless of the decision on Alt 1 or 2, it is impossible to achieve non-equal bandwidth perfect orthogonality of UL DMRS more than three UEs, because the code length of OCC (Orthogonal Cover Code) is two. This limitation is not a critical restriction in Rel-10 because the major use case of OCC is intra-cell MU-MIMO. However, when this OCC mechanism is extended to CoMP scenario 1, at least there-layer multiplexing is desired because of the following reasons:

· Totally three UEs can be scheduled without CoMP by cell splitting. Therefore, at least the same ability (i.e. three layers) would be required in the case of CoMP.
· If both perfect and pseudo orthogonal DMRS coexist within the co-scheduled UEs, it would be difficult for the scheduler to handle all the combination.
· Three-layer spatial equalization is always applicable if the perfect orthogonality always consists. In this case, the complexity can be reduced.
In order to achieve the perfect orthogonality among no less than three layers, the combination use of CS (Cyclic Shift) and OCC would be effective considering the flexibility of RB assignment, rather than using CS only. One example of this strategy is explained by Figure 1. The RB assignment for one UE (UE 3) would be restricted because the RB allocation should be identical to another UE (UE 2) in order to achieve the perfect orthogonality by CS. However, one UE (UE 1) can achieve the full flexible RB assignment because the perfect orthogonality with UEs 2 and 3 can be achieved by OCC. It is noted that the root sequence and CS hopping pattern should be aligned among these UEs, thus in this example, we assume that a UE-specific virtual Cell ID NIDBSI=k is used instead of the original cell ID NID. 

While the remarkable performance improvement is expected by CoMP JR and/or CS/CB, the overall improvement would be a trade-off between the CoMP gain and less scheduling flexibility. Hence, it is necessary to confirm the potential performance gain in order to determine whether or not this strategy is promising.
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Figure 1 A strategy of using CS and OCC to achieve the perfect orthogonality of DMRS for CoMP scenario 1
Figure 2 and Table 1 show the simulation results for this strategy. In this simulation, the following three cases are evaluated for the comparison:
· Case 1: no CoMP schemes are applied
· Separate scheduling per cell and single cell reception are assumed.

· Case 2: CoMP CS and JR is applied, and the DMRS orthogonality is achieved by OCC and CS (i.e. main target of this evaluation)
· Three-layer multiplexing is assumed, but the RB allocation for one layer (i.e. one UE) is restricted by another UE due to the DMRS multiplexing by CS.
· Case 3: CoMP CS and JR is applied, and the perfect DMRS orthogonality is assumed
· It is assumed that the perfect orthogonality of DMRS can be achieved irrespective of RB allocation. 
· Therefore, no restriction of RB assignment is imposed, and more performance gain can be achieved over Case 2.
Note that the other assumption can be found in Table 3 in Annex. From these results, it was demonstrated that 10% gain can be obtained over non CoMP case though the achievable gain of 11% are lost due to less scheduling flexibility. Furthermore, remarkable gain of 45% for 5 percentile user throughput can be achieved over non CoMP. Therefore, we can conclude that this strategy to use CS and OCC for intra-eNB CoMP should be considered as an important scenario when designing DMRS signaling.
Observation:

· For CoMP scenario 1, considerable gain can be obtained by using the perfect orthogonality by CS and OCC, and the DMRS signaling design should be studied considering this strategy.
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Figure 2 C.D.F of user throughput

Table 1 Summary of Simulation results

	
	Average Cell Throughput [bps/Hz/cell]
	5%ile User Throughput [bps/Hz]
	50%ile User Throughput [bps/Hz]
	95%ile User Throughput [bps/Hz]

	non CoMP
~case 1~
	1.115
	0.0429 
	0.1093 
	0.1841 

	CoMP (CS+OCC)
~case 2~
	1.237 
	0.0624 
	0.1233 
	0.1865 

	(gain)
	10.835%
	45.447%
	12.827%
	1.303%

	CoMP (Perfect)
~case 3~
	1.375
	0.0691 
	0.1369 
	0.2072 

	(gain)
	21.736%
	60.993%
	25.224%
	12.514%


3. Which parameter should be UE-specifically configurable?
The requirement to realize the perfect orthogonality by CS and OCC within eNB can be summarized as following:

· CS hopping pattern should be unified to all UEs within eNB to utilize the perfect orthogonality by OCC. 
· DMRS root sequence should be unified to the UEs, which is multiplexed by using CS.
It is noted the combination of multiplexed UEs may vary subframe by subframe depending on a scheduling strategy. Therefore, using the identical root sequence and CS hopping pattern for all UEs would be the good design for the complexity reduction, such as RRC reconfiguration. Therefore, Alt 2 (virtual Cell ID) would be enough to achieve the scheduling with CS+OCC. However, the same mechanism can also be realized by Alt 1 by disabling DSSBSI and cinitCSH. Furthermore, this parameter should be switched dynamically (as discussed in the next section), frequent reconfiguration by RRC is not required. Therefore, the overhead of RRC signaling is negligible.
Taking the above discussions into account, we believe the difference between Alt 1 and Alt 2 is not so important for CoMP scenario 1, assuming the use of CS and OCC to achieve DMRS perfect orthogonality.
Observation: 
· Both Alt 1 and 2 are acceptable for CoMP scenario 1, assuming the use of CS and OCC to achieve DMRS perfect orthogonality.
4. Dynamic or Semi-static
If no legacy UEs exist in the network, it is not necessary to switch the DMRS configuration because the same DMRS parameter can be used for CoMP, as discussed earlier. However, it is almost impossible to rid the legacy UEs from the Network, considering the long-term utilization of LTE. Thus, a mechanism to treat legacy UEs is necessary in the real life system.
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Figure 3 Example of intra-eNB CoMP assuming the coexistence of Legacy UEs
One of the possible solutions would be using FDM/TDM to separate legacy UEs and new UEs. Other solution is to use the existing cell ID within the CoMP set (i.e. NID=k1, k2 and/or k3 in Figure 3) as configurable parameter NIDBSI. For example, if a legacy UE (UE 3’ in Figure 3 Situation 1) is scheduled using CoMP, other co-scheduled UEs UE1 and UE2 can use NIDBSI= k3, instead of the original cell-specific parameter of NID. Similarly, if a legacy UE (UE 1’ in Figure 3 Situation 2) is scheduled using CoMP, other co-scheduled UEs UE1 and UE2 can use NIDBSI= k1. By doing this, legacy UEs can also enjoy the benefit of UL CoMP. Of course, the UE paring varies subframe by subframe, thus this parameter switching of NIDBSI should be performed by dynamic manner. However, this mechanism requires two additional bits in DCI formats, and the impact on (e) PDCCH is not negligible. Final decision should be made considering these factors.
Proposal:

· Dynamic switching of DMRS parameters is preferred taking the co-existence of legacy UEs.
· Overhead on DCI formats should be studied further.
5. Other DMRS enhancement related to CoMP scenario 1

Despite the fact that the remarkable gain can be obtained by CoMP based on the perfect orthogonality by CS and OCC, there is one concern for the existing mechanism of CS and OCC assignment in Rel-10. The current spec supports the maximum CS distance of 5 (i.e. Field 010 and 101, or Field 011 and 111 in Table 2) within the same OCC as in Table 2. This issue (i.e. 3 UE multiplexing by using CS and OCC) has already discussed in RAN1#63 [2], but the agreement was that this is an optimization and it will not lead to serious performance degradation. However, we hope to discuss this issue again, because the use case is completely different from Rel-10 and the implementation of this strange size filter would be difficult. 

Table 2 Rel-10 CS/OCC mapping table for UL DMRS

	Cyclic Shift Field in uplink-related DCI format
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	000
	0
	6
	3
	9
	[+1 +1]
	[+1 +1]
	[+1 -1]
	[+1 -1]

	001
	6
	0
	9
	3
	[+1 -1]
	[+1 -1]
	[+1 +1]
	[+1 +1]

	010
	3
	9
	6
	0
	[+1 -1]
	[+1 -1]
	[+1 +1]
	[+1 +1]

	011
	4
	10
	7
	1
	[+1 +1]
	[+1 +1]
	[+1 +1]
	[+1 +1]

	100
	2
	8
	5
	11
	[+1 +1]
	[+1 +1]
	[+1 +1]
	[+1 +1]

	101
	8
	2
	11
	5
	[+1 -1]
	[+1 -1]
	[+1 -1]
	[+1 -1]

	110
	10
	4
	1
	7
	[+1 -1]
	[+1 -1]
	[+1 -1]
	[+1 -1]

	111
	9
	3
	0
	6
	[+1 +1]
	[+1 +1]
	[+1 -1]
	[+1 -1]


Proposal: 
· The issue of CS separation in Rel-10 spec (i.e. maximum 5 CS separation is possible within the same OCC) should be reconsidered in Rel-11.
6. Conclusion

In this contribution, we showed our views on the identified issues, i.e. (1) Alt 1 or 2 above, and (2) Dynamic or semi-static, from the viewpoint of achievable performance gain for CoMP scenario 1, i.e. intra-eNB CoMP. Our observation and proposals are summarized as following:
· For CoMP scenario 1, considerable gain can be obtained by using the perfect orthogonality by CS and OCC, and the DMRS signaling design should be studied considering this strategy.
· Both Alt 1 and 2 are applicable to achieve CS and OCC based CoMP.
· Dynamic switching of DMRS parameters is preferred taking account of the co-existence of legacy UEs.
· Overhead on DCI formats should be studied further.
· The issue of CS separation in Rel-10 spec (i.e. maximum 5 CS separation is possible within the same OCC) should be reconsidered in Rel-11.
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Annex
Table 3 Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz
46 RBs for PUSCH

	Carrier Frequency
	2.0 GHz

	Antenna Configuration
	1x2

	Cell Layout
	3GPP case 1 3D

	
	
	Hexagonal grid

	
	
	19 cell sites / 3 cells per cell site

	
	
	ISD=500 m

	Number of UEs 
	570 UE (10 UE per cell)

	TPC parameters
	Pmax=23 dBm
P0=-84 dBm
α=0.8
Ks=0 in 36.213

	Scheduling scheme
	Proportional fairness

	Channel Model
	SCM urban macro

	
	
	Antenna configuration
	Tx: 1Tx
Rx: 2Tx, Co-polarized array with 10λ spacing

	
	
	UE mobility
	3 kmph

	
	
	Angle spread
	8 degree

	Access scheme
	SC-FDMA

	Receiver Type
	Linear MMSE

	Link adaptation
	Target BLER = 10-1

	Channel Estimation for demodulation and CSI
	Ideal 

	Traffic model
	Full buffer

	HARQ scheme
	Chase Combining
round trip delay = 8 ms
Maximum Retransmission number =4

	SRS setting
	10ms interval

	CoMP Scenario & scheme
	Scenario 1
Intra-eNB joint reception and coordinated scheduling


Proposals for configuration details:


Alt 1: 


A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.


NIDBSI (0 to 503) and DSSBSI  substitute NIDCELL and DSS in the group number (u) and sequence index (v) generation formulas (including SH and SGH initialization)


cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))


Alt 2: 


A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping


Supported: CATT, Qualcomm, ALU, ALU Shanghai Bell, Nokia, NSN, ZTE, LGE


Conclusion: 


Email discussion before RAN1#68bis on details of RRC configuration for UL DMRS sequence and CS hopping, focus on comparison of these identified alternatives, and take into account aspects listed below (Stefano, Ericsson).


Aspects to be considered for deciding on these alternatives can include


Avoidance of consistent collision


Complexity and performance impact


Signaling overhead


Support orthogonality with legacy UEs


Network management 
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