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1. Introduction
In RAN1#68bis, the signaling design of UL DMRS to support UL CoMP was discussed, and the following conclusion has been made:
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In this contribution, we show our views on the remaining issues for PUSCH DMRS.
2. Assumed UL CoMP scenario

In this section, our views on UL CoMP scenario in Rel-11 are shown to share the same understanding on the background. Two scenarios are focused in this contribution, i.e. (A) different link connection between UL and DL with single point reception, and (B) intra-eNB CoMP with JR and/or CS/CB as in Figures 1 and 2 respectively.
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Figure 1 A strategy of cell splitting and interference cancellation for HetNet scenario
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Figure 2 A strategy of to achieve the perfect orthogonality for HomoNet scenario
In scenario (A), offloading to pico eNB and interference mitigation from macro to pico is expected. Thus, multiple point reception to cancel inter-cell interference is not always necessary. Considering this, sequence randomization depending on the reception point is sufficient for this scenario. On the other hand, the gain by reception diversity and interference cancellation (i.e. MU-MIMO operation using 3 sectors’ antennas) is expected for scenario (B). Thus, use of the same DMRS sequences and hopping pattern (i.e. same virtual cell ID) are desired in order to achieve the perfect orthogonality by OCC and/or CS, as shown in Figure 2. The performance gain by scenario (A) has already been shown by a number of contributions. In addition, that the gain by scenario (B) considering realistic resource allocation to achieve perfect orthogonality is shown in Figure 4 and Table 4 in Annex of this contribution.
3. Number of RRC configuration sets
In scenario (A), N=1, i.e. no dynamic switching, is sufficient because the target reception point can be set by choosing lowest pathloss reception point. Even if legacy UEs coexist in the network, OCC is available to achieve the good orthogonality between macro UE and pico UE, because “legacy” pico UE transmits PUSCH DMRS by using the physical cell ID for macro eNB. On the other hand, the fallback operation to generate PUSCH DMRS is always required to avoid the ambiguity during reconfiguration. As a result, N=2 is the best design for scenario (A).
In scenario (B), a common virtual cell ID within the sectors (k in Figure 2) is basically used for the typical CoMP operation. In addition, fallback operation using the physical cell ID is also required, similar to scenario (A). However taking the coordination with legacy UEs into account, it is preferred to introduce a mechanism to use at least NIDBSI = {k1, k2, k3} (i.e. correspond to the physical cell IDs of the sectors) for Rel-11 UEs because legacy UEs are unable to modify DMRS root sequence other than the physical cell ID. Thus, N=3 would be appropriate for this scenario. 
Given the above discussions, N≥3 is preferred for the scenarios (A) and (B). However, reservation of two bits in DCI format is costly because the third RRC configuration set is not necessary after legacy UEs disappear from the network. Therefore, introduction of the third set should be determined considering the signalling aspects discussed in the following section.
Observation:

· N=2 is enough for HomoNet and HetNet CoMP without legacy UEs.
· N≥3 is desired to achieve the orthogonality with legacy UEs.
· The decision should be made from signaling aspects.
4. Switching schemes of PUSCH DMRS sequences
Regarding the switching schemes for PUSCH DMRS sequences, the possible four options are listed in Table 1 below. For the reference, the link level simulation result to clarify the impact to include additional bit(s) and its simulation assumptions are shown in Figure 3 and Table 2 in Annex, respectively. 
Based on the analyses in Table 1, Option 4 is necessary to realize the additional fallback operation during reconfiguration. However, Option 4 has less flexibility to use the physical cell ID for DMRS sequence generation due to the CSS capacity limitation. Hence other option(s) should also be used to compensate this drawback. On the other hand, no critical problem is found for Option 3 if the number of additional bits is one. Therefore, it is proposed to use these two options to support N=2.
The controversial discussion would be whether or not Option 2 is useful to realize N≥3. The most important issue on Option 2 is PHICH collision avoidance. In our view, it will not be so serious until UL SU- and MU-MIMO is introduced. In addition, the number of PHICH resources can be controlled by cell-specific parameter if necessary. Furthermore, no issue will happen if use of CS field is configurable when N=2 is utilized, i.e. no legacy UEs coexist in the network. In this sense, introduction of Option 2 to support N≥3 is acceptable, and we propose the following:
Proposal:

· Dynamic switching of RRC configuration sets by UL DCI should be supported.
· Supported number of RRC configuration sets is 4, and RRC configuration set is indicated by additional one bit and CS field in UL DCI format.
· Use of CS field should be configurable.
· UL DCI format in CSS is used as fallback operation, i.e. physical cell ID is used to generate PUSCH DMRS sequences.
Table 1 Comparison of DMRS sequence signalling schemes
	
	Option 1
	Option 2
	Option 3
	Option 4

	Dynamic or Semi-static
	Semi-static
	Dynamic
	Dynamic
	Dynamic

	Explanations
	Always use a configured virtual cell ID
	Implicitly determined by information in DCI format (e.g. CS Field)
	Add one or two bits in DCI format (when configured)
	Determine by search space carries DCI format

	DCI overhead
	None
	None
	1 or 2 bit(s)
	None

	Available RRC sets
	1
	Actually 2
	2 or 4
	2

	Support of fallback
	No
	Yes
	Yes
	Yes

	CoMP with legacy UEs for HetNet
	Possible
	Yes
	Yes
	Yes

	CoMP with legacy UEs for HomoNet
	Impossible
	Yes
	Yes
	Difficult because of CSS capacity limit

	Possible impact on scheduler complexity
	UL scheduling is difficult during reconfiguration
	PHICH collision avoidance
	PDCCH performance degradation†, and selection of PDCCH aggregation level††
	Less impact


†: According to the simulation result in Figure 3, the degradation due to additional one bit is approximately 0.1 dB. This degradation is marginal in terms of the cell coverage design.
††: The degradation of 0.1 dB can be compensated by outer-loop adaptation.
	
[image: image4]
	
[image: image5]

	(A) Aggregation Level = 1
	(B) Aggregation Level = 8


Figure 3: PDCCH BLER for DCI format 0 
5. Conclusion

In this contribution, we showed our views on the remaining issues on PUSCH DMRS sequence generation and signaling. Our proposal is summarized as following:
Proposal: 
· Dynamic switching of RRC configuration sets by UL DCI should be supported.
· Supported number of RRC configuration sets is 4, and RRC configuration set is indicated by additional one bit and CS field in UL DCI format.
· Use of CS field should be configurable.
· UL DCI format in CSS is used as fallback operation, i.e. physical cell ID is used to generate PUSCH DMRS sequences.
6. Annex
Table 2: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz for UL and DL (i.e. 50RB)

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	UE: 2, eNB: 2

	Channel Model
	TU6 uncorrelated
UE mobility: 3 kmph

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	552 subcarriers (46RBs) for PUSCH

	Channel Estimation 
	Ideal

	Receiver Assumption
	

	Cyclic Prefix Type
	Normal CP


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
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Figure 4 C.D.F of user throughput

Table 4 Summary of System level Simulation results for UL CoMP scenario 1
	
	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%


A UE can be RRC configured with N sets of PUSCH DMRS parameter(s). 


To be decided between N=2 and N=4. 


UL DCI format can indicate which set shall be used for generating BSI and CSH for the scheduled PUSCH DMRS, out of the N sets.


Observation: There is performance gain with dynamic signaling. The cost relating to the introduction of new bits/states in the DCI format, such as new TM, fallback issues, etc, need to be considered as well.


Conclusion:


Continue discussion.  Come back to this in the next meeting. 
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