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1. Introduction

In RAN1#68, the following was agreed for PUSCH DMRS enhancement in Rel-11 [1]:
 SHAPE  \* MERGEFORMAT 



In addition to the above agreement, two alternatives were listed as the detailed configurations, and have been discussed by email.
 SHAPE  \* MERGEFORMAT 



In this contribution, we focus on the necessity of independent configurability for base sequence and cyclic shift hopping (CSH) pattern as listed in above alternatives and share our views on UL DMRS enhancement in Rel-11.
2. Discussion
2.1. RRC configurations of base sequence and cyclic shift hopping
In the last meeting, two alternatives of RRC configurations for base sequence index (BSI) and cyclic shift hopping (CSH) pattern have been put forth. Alt. 1 is to configure a base sequence and a CSH independently [2] and Alt. 2 is to configure a base sequence and a CSH jointly using a virtual cell ID.
Alt. 2 configuration can be considered as a special case of Alt. 1 configuration because CSH initialization value can be selected to be tied to a virtual cell ID in Alt. 1. Therefore, the main point of the selection between Alt. 1 and Alt. 2 depends on the needs of OCC based orthogonality between Rel-11 UE and legacy UE regardless of the base sequence number. Based on the above considerations, we show our views on PUSCH DMRS enhancement below.
CoMP gain can be achieved by applying CoMP operation to cell edge UEs. In this case, orthogonal DMRS have to be allocated for cell edge UEs in order to obtain the adequate CoMP performance gain.  Our system level simulation results, reported in the annex as well as meeting in [3], show that orthogonal DMRS can achieve higher CoMP gain than interference-randomized DMRS.
Figure 1 shows a typical heterogeneous deployment that achieves higher CoMP gain, and an example of DMRS configurations. As described above, the best CoMP performance gain is obtained by applying orthogonal DMRS to UE#2 and UE#3. For this purpose, we show an example of DMRS configurations for each UE in Figure 1.
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Figure 1 Orthogonal DMRS in heterogeneous deployment
· Orthogonality between Rel.11 UEs’ DMRSs

Firstly, we assume that both UE #2 and UE #3 are Rel-11 UEs, which are paired for UL MU-MIMO transmission as an example of CoMP JR. In this case, both Alt. 1 and Alt. 2 can configure orthogonal DMRS and interference randomization at the same time. For example, in Alt. 1, OCC/CS based orthogonality can be applied to these UEs by allocating the combination of BSI and CSH [C, C] to both UEs, and in Alt. 2, the same virtual cell ID is applied to these UEs and OCC/CS based orthogonality can be configured.
· Orthogonality between legacy UE’s DMRS and Rel.11 UE’s DMRS

Secondly, we assume that one of these UEs, say UE#3, is a legacy UE. Figure 2 shows a typical condition and possible parameters values for configuring orthogonal DMRS between UE #2 and UE #3.
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Figure 2 DMRS orthogonality between legacy UE and Rel-11 UE
InFigure 2, we assume that the BSI and CSH parameters are set to [A, A] in cell A, and the BSI and CSH parameters are set to [B, B] in cell B. In this case, legacy UE #3's BSI and CSH cannot be configured in a UE specific manner. In Alt. 2 case, UE #2's BSI and CSH have to be configured same as UE#3’s BSI and CSH to obtain the orthogonal relation between them. In Alt. 1 case, OCC based orthogonality can be achieved by just assigning the same CSH parameters to UE #2 and UE#3. Therefore, while achieving the orthogonality between UE #2 and UE #3, UE #2's base sequence can be selected differently from UE #4's sequence and interference randomization can be realized between UE#2 and UE#4. On the other hand, in Alt. 2 case, a virtual cell ID is used to align the BSI and CSH with legacy UE. Thereby the partly overlapping the same BSI and CSH between UE #2 and UE #4 will occur, and the scheduling restriction may be required so that completely different RBs are allocated to UE #2 and UE #4 in order to avoid unacceptable cross correlation peaks as shown in [4].
· Signaling Overhead

In this section we describe RRC signaling overhead. The number of signaling bits for Alt. 1 configuration is 23 bits (9 bits (Cell ID for BSI) + 5 bits (SS) + 9 bits (CSH)). Moreover, these parameters, i.e. Cell ID for BSI, DSS and CSH, can be configured independently. Therefore the PUCCH/SRS sequences can be set differently from PUSCH sequence just reusing these parameters for PUCCH/SRS configurations because Alt. 1 can realize fully flexible configuration and these parameters can configure all RS signals. This means the total number of bits can be 23 bits for PUSCH/PUCCH/SRS configurations.
On the other hands, the number of signaling bits for Alt. 2 is 9 bits because of only a virtual cell ID. However, a virtual cell ID cannot be reused for PUCCH/SRS configurations because the PUCCH/SRS sequences can be set differently from PUSCH sequence. Therefore, the total number of signaling bits for Alt. 2 would be 9*3 = 27 bits taking into account all the RS configurations and this number is larger than that for Alt.1. 
Table 1 summarizes the pros and cons of each configuration obtained by the above considerations.
Table 1 Pros and Cons for Alt.1 and Alt.2
	
	Pros
	Cons

	Alt. 1
(Independent configuration for BSI and CSH pattern)
	· Orthogonal DMRS can be configured between UEs by utilizing OCC regardless of base sequence index
	· The number of total bit of RRC parameters for Alt.1’s PUSCH DMRS configuration is larger than that for Alt. 2’s. However, the number of total bit for PUSCH/PUCCH DMRS and SRS  for Alt.1’s can be smaller than that for Alt.2’s.

	Alt. 2
(Virtual cell ID based joint configuration)
	· The number of total bit of RRC parameters for Alt.2’s PUSCH DMRS configuration is smaller than that for Alt. 1’s. However, the number of total bit for PUSCH/PUCCH DMRS and SRS for Alt.2’s can be larger than that for Alt.2’s.
	· The same base sequence and CSH as legacy UE have to be set to achieve the orthogonality between Rel-11 UE and legacy UE


Therefore we propose:

Proposal 1:

· RAN1 should introduce Alt. 1 which can achieve both inter-cell orthogonal DMRS between legacy UE and Rel-11 UE and avoidance of consistent collision at the same time.
2.2. Dynamic or Semi-static configuration

In this section, we describe dynamic or semi-static configuration of DMRS sequence. As discussed in 2.1, orthogonal DMRS is configured for cell-edge UEs. In this case, a scheduler allocates each UE to resource block(s) in subframe-by-subframe. Especially, when MU-MIMO type receiver such as CoMP JR scheme is applied at eNB sides, UE paring should be performed dynamically. Therefore, it is preferable that each UE can dynamically configure DMRS sequence.
Figure 3 shows an example of the dynamically configured orthogonal DMRS. In subframe n, UE #2 and UE #3 are paired by CoMP JR in which orthogonal DMRS between UE #2 and UE #3 is configured. In subframe n+1, a scheduler pairs UE #3 and UE #5 for CoMP JR. In this case, of course, orthogonal DMRS between UE #3 and UE #5 should be configured in order to achieve adequate CoMP gain.
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Figure 3 Dynamic configuration of PUSCH DMRS
Moreover, in the DL CoMP session, dynamic configuration of DMRS sequence was agreed. We believe it is better to keep the commonality between DL DMRS and UL DMRS as much as possible. Therefore, we do not see any reason why the semi-static configuration is introduced in UL CoMP DMRS. Based on the above considerations, we propose:
Proposal 2:

· RAN1 should specify dynamic configuration of UE-specific DMRS.
3. Conclusion
Based on the considerations in the section 2, our preference is Alt. 1 because the higher performance can be obtained.
Therefore, we propose

Proposals:

· Proposal 1:
· RAN1 should introduce Alt. 1 which can achieve both inter-cell orthogonal DMRS between legacy UE and Rel-11 UE and avoidance of consistent collision at the same time.
· Proposal 2:

· RAN1 should specify dynamic configuration of UE-specific DMRS.
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5. Annex

Figure 1A and Figure2A show the definitions of orthogonal DMRS and non-orthogonal DMRS in CoMP scenario 1 and scenario 3, respectively. In these figures, we assume that purely orthogonal DMRS and interference-randomized DMRS are considered for simple explanation.
Table 1A and Table 2B show the system level performance in CoMP scenario 3 as shown in [3]. Detailed simulation parameters are listed in [3]. The main focus on the evaluations is to clarify the performance impact of orthogonal or non-orthogonal DMRS configurations.
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Figure 1A Orthogonal and Non-orthogonal DMRS definition in CoMP scenario 1
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Figure 2A Orthogonal and Non-orthogonal DMRS definition in CoMP scenario 3
Table 1A System level simulation results (CoMP scenario 3, Configuration 1)

(a) DL RSRP based reception point selection (CRE = 0 dB)
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Ideal 42.64 0.0% - 0.444 0.0% -

Orthogonal 35.41 -20.4% 10.7% 0.344 -25.3% 12.2%

Non-orthogonal 32.00 -33.2% 0.0% 0.315 -40.3% 0.0%


(b) Pathloss based reception point selection (CRE = 16 dB)
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Ideal 56.63 0.0% - 0.942 0.0% -

Orthogonal 50.07 -11.6% 4.4% 0.838 -12.3% 3.3%

Non-orthogonal 48.60 -16.5% 0.0% 0.811 -16.1% 0.0%


Table 2A System level simulation results (CoMP scenario 3, Configuration 4b)

(a) DL RSRP based reception point selection (CRE = 0 dB)
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Ideal 49.65 0.0% - 0.441 0.0% -

Orthogonal 43.10 -15.1% 17.3% 0.333 -32.6% 4.5%

Non-orthogonal 36.74 -38.6% 0.0% 0.318 -38.6% 0.0%


(b) Pathloss based reception point selection (CRE = 16 dB)
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Ideal 69.18 0.0% - 1.072 0.0% -

Orthogonal 63.15 -9.5% 5.8% 0.976 -9.8% 3.7%

Non-orthogonal 59.68 -15.9% 0.0% 0.941 -13.9% 0.0%


Agreement:


Confirm the working assumption on PUSCH DMRS enhancement in Rel-11


UE-specific configuration of base sequence


UE-specific configuration of CS hopping





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
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