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1 Introduction

In RAN1#67, RAN1 has made the following working assumption and conclusion:
· 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.

Furthermore, in RAN1#68, RAN1 has considered two alternatives on the configuration details of the UL DMRS:
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

This contribution analyzes pros and cons of Alt 1 and Alt 2, and proposes to adopt Alt 1. 
2 Joint vs. separate configurations of base sequence and CS hopping pattern
During the e-mail discussion after RAN1#68, the proponent companies of Alt 2 clarified some more details of Alt 2. For orthogonal multiplexing Rel-11 UEs and legacy UEs, Alt 2 requires the following two changes, one in the standards and the other in the eNB’s implementation. 

· The sequence shift pattern equation for PUSCH should be changed to 
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· In order to align the UE-specific BSI with another cell’s BSI generated with 
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· 
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Furthermore, in case UE-specific configuration of PUCCH base sequence is also desired, Alt 2 requires to configure additional 
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On the other hand, with Alt 1, the legacy equations can still be used for generating BSI with simple replacement of parameters, i.e., 
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; and the eNB can still maintain the legacy implementation. Furthermore, when UE-specific configuration of PUCCH base sequence is also desired, Alt 1 does not require configuration of any additional parameters. 
The following observation is made from the above discussion:
Observation 1: 

· The sequence shift equation should be changed into 
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, in order for Alt 2 to allow orthogonal multiplexing of Rel-11 UEs with Rel-10 UEs.

· The RRC overheads of Alt 1 and Alt 2 are not significantly different, especially when the necessity of separate configuration of 
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 for PUCCH is considered. 
CoMP scenarios 1, 2 and 3

When Alt 2 is adopted, there are two ways to orthogonalize UL DM RS from two neighbor cells. The first way is to create a virtual cell between the two neighbor cells by assigning another virtual cell ID X different from any of the two cells’ cell IDs. In this case, the area suffering from high UL interference may increase because the insertion of the virtual cells on the boundary of the two neighbor cells creates additional cell edges. The second way is to flip some cell edge UEs’ virtual cell ID to the other cell’s cell ID so that the cell edge UEs’s DMRS can be orthogonally multiplexed with the DMRS of the UEs in the other cells. Applying this method, the UL cell boundary may shrink or expand in one cell’s point of view, and the high UL interference issue is still not resolved at the new cell boundary, without very complicated scheduling. 
On the other hand, when Alt 1 is adopted, in order to orthogonalize the DMRS of the UEs on the boundary of two neighbor cells, the network can change the CS hopping pattern of the UE in cell B into the cell A’s while keeping the BSIs for the UEs, with assigning two different OCCs to the two UEs. Furthermore, the DMRS of the UE in cell B can still be orthogonally multiplexed with another UE’s DMRS in cell B relying on CS mechanism, with the scheduler carefully choosing the CS. This method neither creates another cell edge nor changes the cell boundary. 
Table 1 summarizes an example UL transmission scenarios based upon Alt 1 and Alt 2. It is noted that with Alt 2, UE B2 is paired with UE A1 and UE A2, and hence UE B2 should transmit with high power so that the received powers from all the three UEs at the cell A are equalized. This results in high-interference to cell B’s reception of UE B1’s signal. On the other hand, with Alt 2, UE B2’s signal can be made orthogonal with UE B1, e.g., by relying on CS orthogonality. 
Table 1 Example UL transmissions in Alt 1 and Alt 2
	Alt 1
	
	Alt 2

	BSI
	CSH
	
	BSI
	CSH

	A
	A
	Cell A’s cell center
UE A1
	A
	A

	↕ CS/OCC orthogonality
	
	↕ CS/OCC orthogonality

	A
	A
	Cell A’s cell edge
UE A2
	A
	A

	↕ OCC orthogonality
	
	↕ CS/OCC orthogonality

	B
	A
	Cell B’s cell edge
UE B2
	A
	A

	↕ CS orthogonality
	
	↕ High interference

	B
	B
	Cell B’s cell center
UE B1
	B
	B


Observation 2: For CoMP scenarios 1, 2 and 3, 
· Inter-cell DMRS orthogonalization relying on Alt 2 may affect other UEs’ UL reception performance as it changes cell edge regions. 
· With Alt 1, the high UL interference region can be kept the same as R10 network, and the interfering UEs’ DMRS can be orthogonalized without affecting the other UEs in the network. 
CoMP scenario 4
In CoMP scenario 4, UE-specific configurations of UL DMRS are used for intra-cell area splitting, as well as for enhancement of orthogonal DMRS multiplexing capacity. 
If the network deploys the same UL DMRS BSI and CSH for all the UEs in the macro-geographical area, then area splitting is not possible. If the network wants to assign orthogonal DMRS for SDMA UEs relying on the CS mechanism, the network should assign the same set of PRBs for the SDMA UEs in the macro area, which adds great complexity to the network scheduler implementation, even if the performance gains coming from the orthogonal multiplexing of far-away UEs are limited. If the network wants to assign orthogonal DMRS for SDMA UEs relying on the OCC mechanism, the total number of UEs that can be orthogonally multiplexed is limited by 2 in the whole macro graphical area. Finally, if the network employs a TP-specific scheduling mechanism without considering impacts of the inter-TP interference, than the inter-UE interference in the partially overlapped BW becomes high owing to the same BSI. 
On the other hand, if the network deploys TP-specific UL DMRS BSI and CSH according to Alt 2, then the situation becomes similar to CoMP scenario 3 for Rel-11 UEs, and hence the discussion in CoMP scenario 3 carries over. In addition to this, in CoMP scenario 4, Alt 2 has additional issues in multiplexing Rel-11 UEs who are assigned TP-specific BSI and CSH and the legacy UEs who are assigned cell-specific BSI and CSH. In case a legacy UE and such a Rel-11 UE are close to each other are scheduled in a overlapped BW, the legacy UE’s transmission severely interferes with the Rel-11 UE’s transmission. 
Finally, if the network deploys TP-specific UL DMRS BSI but carefully chooses CSH for Rel-11 UEs according to Alt 1, the high interference issue arising between a legacy UE and a Rel-11 UE close to each other can be resolved by assigning the same CSH for both types of UEs and by relying on the OCC orthogonality. 
Observation 3: For CoMP scenarios 4, 

· For obtaining area splitting gain within each macro-graphical area, TP-specific BSIs can be assigned. 
· Alt 2 creates an interference issue between a legacy UE and a Rel-11 UE close to each other when the legacy UE and the Rel-11 UE are multiplexed in an overlapped BW. Alt 1 resolves the interference issue by allowing OCC-based orthogonal multiplexing based on the same CSH assignment for the two types of UEs. 
Having observed the additional benefits provided by Alt 1, the impacts on the specification change and the complexity of network implementation and scheduling, and the marginal difference in overhead between the two alternatives, we propose the following:

Proposal 1: Adopt Alt 1. 

3 Benefits of Dynamic Configuration

By deviating from Rel-8/9/10 framework of tying UL DM RS generation statically with the physical cell ID, the working assumption agreed in RAN1#67bis has set a good starting point for further specifications to improve UL CoMP performance. Furthermore, in RAN1#68, there was a discussion whether to adopt dynamic or semi-static configuration for the UL DM RS. 

The common goals of the UL DM RS enhancement would be facilitating more flexible UL DM RS configurations to cope with various channel, interference and traffic conditions in various CoMP scenarios. The UL DM RS enhancement can easily decouple a UL reception point form a DL transmission point for a same UE, which can be beneficial for CoMP scenarios 3 and 4. Furthermore, the UL DM RS enhancement also allows more flexible SDMA scheduling, in that a Rel-11 UE capable of enhanced UL DM RS transmissions can be SDMA multiplexed with either a Rel-10 UE or another Rel-11 UE, depending on the configured UL DM RS. 
As the channel, interference and traffic conditions may change dynamically in general, the dynamic configurability of UL DM RS would be beneficial. It is also noted that the dynamic configuration of DL DM RS has already agreed in RAN1#68, and hence it would be natural to extend the dynamic configurability to UL DM RS.  
Proposal 2: Adopt dynamic configuration for the UL DM RS configuration. 
4 Conclusions

This contribution considered alternatives on the UL DMRS enhancements in Rel-11, and made the following observations:
Observation 1: 

· The sequence shift equation should be changed into 
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, in order for Alt 2 to allow orthogonal multiplexing of Rel-11 UEs with Rel-10 UEs.

· The RRC overheads of Alt 1 and Alt 2 are not significantly different, especially when the necessity of separate configuration of 
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 for PUCCH is considered for Alt 2. 
Observation 2: For CoMP scenarios 1, 2 and 3,
· Inter-cell DMRS orthogonalization relying on Alt 2 may affect other UEs’ UL reception performance as it changes cell edge regions. 
· With Alt 1, the high UL interference region can be kept the same as R10 network, and the interfering UEs’ DMRS can be orthogonalized without affecting the other UEs in the network. 
Having these observations, the following proposals were made:
Proposal 1: Adopt Alt 1. 

Proposal 2: Adopt dynamic configuration for the UL DM RS configuration. 
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