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1. Introduction
In RAN1#67, the design principle for UL DMRS to support UL CoMP was discussed, and the following agreement has been made:
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In this contribution, we share our views on the above open issues for UL DMRS enhancements.
2. Base sequence / CS hopping modification

As discussed during Rel-10 HetNet sessions, pico cells strongly suffer from macro cells due to DL the gap of transmit power. In order to avoid macro to pico interference, CoMP DPS (Dynamic Point Switching, which means that UL signals can be received at different point(s) from DL Tx point(s)) is one of the most important scenario for HetNet, even if only single Rx point is assumed. Further enhancements such as CoMP JR (Joint Reception) are of course attractive to drastically improve the both average and cell edge throughput. However, RAN1 should give the highest priority for the simplest one taking the realistic deployment into consideration.
In addition, one of the most reasonable scenario for CoMP is scenario 1 (i.e. intra-eNB CoMP) because there is no backhaul issue. As discussed in section 2.2, the potential gain seems to be enough and it would be good to introduce additional spec support to maximize the achievable gain, if necessary. 
Our overall proposal is summarized as following, and the detailed discussions are described in the subclauses.
Proposal:

· For the UL CoMP milestone, the following two scenarios should be prioritized: 
· Macro-pico CoMP DPS for HetNet scenario 3, and
· Intra-eNB CoMP JR
· Root sequence randomization and CS hopping coordination should be studied further taking the above two CoMP scenarios into account.
2.1. Case1: Macro-pico CoMP DPS for HetNet
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Figure 1 Example of DMRS assignment for HetNet DPS
In this section, we describe the necessary DMRS features to support UL CoMP DPS for HetNet. In this contribution, it is assumed that DPS is applied to the UEs which is located on the intermediate position between macro and pico. Hereafter, these UEs are abbreviated as “DPS UEs”, and DPS UEs, i.e. UE 2 and 3 in Figure 1, are located on the yellow region. 
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(a) Rel-10 mechanism is reused
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(b) Different Cell ID is used for DMRS sequence generation
Figure 2 Example of root sequence and OCC assignment for HetNet DPS
Figure 2 shows example cases of DMRS sequence determination and OCC assignment considering DPS for the deployment in Figure 1. Note that UE 1 denotes a UE camping on a macro eNB, and UE 2 and 3 are DPS UEs which UL signals are received by pico eNBs 1 and 2, respectively. Since the actual serving cell for DPS UEs is macro eNBs, DMRS root sequence and CS hopping pattern are determined by macro cell ID, if Rel-8/9/10 mechanism is reused. Hence, DPS UE could be the interference source for macro cells. However, the orthogonality between macro UE and DPS UE can be achieved by OCC, because root sequences and CS hopping pattern are identical to each other as shown in Figure 2-(a). Therefore, no additional mechanism for DMRS is enough as long as pico to pico (i.e. between UE 2 and UE 3) interference is not dominant. However, when pico to pico interference is not marginal, e.g. due to denser pico deployments, it is preferable to use randomized root sequences between DPS UEs because they may interfere to each other, as in Figure 2-(b). 
Taking above analysis into consideration, there is no strong necessity to introduce additional DMRS mechanism for the initial deployment of this scenario. However for the future deployment, root sequence randomization seems to be useful if it doesn’t impact any scheduler complexities and/or signaling overhead. This aspect should be discussed further.

Observation:

· For the initial introduction of CoMP DPS, there is no strong necessity to introduce DMRS enhancements.
· Study further to introduce root sequence randomization technique considering the dense pico deployment to avoid pico to pico interference. In that case, signaling overhead and scheduler complexity should be taken into consideration.
2.2. Case 2: Intra-eNB CoMP JR
For CoMP scenario 1, it has already demonstrated that remarkable gain can be achieved by CoMP JR because it can mitigate inter-eNB interference, which can improve both average cell and cell edge user throughput. Of course, perfect DMRS orthogonality among sectors are highly desired to avoid the performance degradation due to channel estimation error. If the existing mechanism of DMRS is the baseline (i.e. OCC and CS based orthogonality), up to 2 UE multiplexing is available by the use of OCC, as long as the RB assignment is not coordinated among sectors. If additional DMRS orthogonal mechanism, e.g. IFDMA, is not introduced, eNB should rely on OCC, and hence CS hopping pattern coordination is highly desired. In this sense CS hopping pattern coordination is more important than root sequence randomization in this use case.
Regarding the open issue on dynamic or semi-static configuration of root sequence and CS hopping pattern, the coordination should be dynamic because the RB assignment is determined by subframe-by-subframe manner. In addition, CS hopping disabling is not desirable because it is not compatible with legacy UEs. 

Furthermore, independent configuration of root sequence and CS hopping is another open issue in RAN1#67. In our view, the use case of root sequence randomization and CS hopping coordination is clearly different as discussed above. Therefore, independent configuration seems to be better. However, this may cause additional overhead in UL grant, and hence this issue should be studied more considering the concrete design of UL grant.
Observation:

· For CoMP scenario 1, 
· CS hopping pattern coordination is desired to achieve inter-cell orthogonality by OCC.
· Taking into account the co-existence of legacy UEs, CS hopping disabling is not preferred 

· CS hopping pattern coordination should be performed by dynamic manner.
Furthermore, we show our tentative simulation results in Figure 3 and Table 1 below, taking into account new DMRS error models that is similar to [4], [5]. In this simulation, both JR and CS within sectors are used, and the perfect orthogonality of DMRS between three sectors is assumed. Other simulation assumptions are shown in Table 2 in Annex. From these results, it is confirmed that DMRS error might heavily impact on the performance, even though the utilized error model may be pessimistic, resulting in marginal capacity gain of CoMP. Therefore, we conclude that RAN1 should discuss more on the DMRS error modeling to estimate the realistic gain by CoMP. 
Observation:

· More discussion on DMRS error modeling is necessary because DMRS error heavily impacts on CoMP performance,
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Figure 3 Simulation results for CoMP scenario 1 assuming perfect intra-eNB perfect orthogonality
Table 1 Performance comparison of CoMP assuming perfect intra-eNB perfect orthogonality
	
	Average Cell Throughput [bps/Hz/cell]
	5%ile  User Throughput [bps/Hz]
	50%ile  User Throughput [bps/Hz]
	95%ile  User Throughput [bps/Hz]
	Effective IoT [dB]

	non-CoMP
 perfect CE
	1.080
	0.0429
	0.1050
	0.1794
	5.844

	CoMP 
perfect CE
	1.301
	0.0646
	0.1298
	0.1993
	3.933

	non-CoMP
 realistic CE
	1.032
	0.0369
	0.1006
	0.1750
	5.836

	CoMP
realistic CE
	1.082
	0.0461
	0.1075
	0.1718
	4.333


3. Conclusion

In this contribution, we shared our views on DMRS enhancements taking CoMP aspects into account. Our proposals are summarized as following:
Proposal:

· For the UL CoMP milestone, the following two scenario should be prioritized: 
· Macro-pico CoMP DPS for HetNet scenario 3, and
· Intra-eNB CoMP JR
· Root sequence randomization and CS hopping coordination should be studied further taking the above two CoMP scenarios into account.
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Annex
Table 2 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

	Rank adaptation
	On

	Link adaptation
	Target BLER = 10-1

	Channel Estimation for demodulation and CSI
	Ideal and realistic for demodulation
-channel estimation error by DMRS is treated as additional noise
realistic for sounding

	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


Working assumption on PUSCH DMRS enhancement in Rel-11


UE-specific configuration of base sequence


UE-specific configuration of CS hopping


FFS whether the base sequence and CS-hopping are independently configured


consider resulting UL DMRS capacity  in either approach


consider compatibility with inter-point interference randomization


FFS whether configuration is semi-static or dynamic


base sequence and CS hopping configurations may be different


coexistence of legacy UEs should be taken into account


consider signalling overhead of either approach


consider resulting UL system throughput from either approach 


Additional enhancements may be considered


E.g. study methods for inter-cell interference randomization and capacity enhancement, 


Other methods for inter-cell orthogonality.
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