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1. Introduction

In the RAN1#68 meeting, the following agreement with regard to PUSCH DM-RS enhancements in Rel-11 was made:

· UE-specific configuration of base sequence

· UE-specific configuration of CS hopping

Further, during the RAN1#68bis meeting, the following alternatives for the RRC configuration for PUSCH DM-RS were discussed:

Alt 1: An RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, SSBSI, 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.

Alt 3: An RRC configuration includes the following RRC defined UE specific parameters, {VCID, cinitCSH}.

· VCID is used to derive base sequence

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

Among the above alternatives, Alt 3 was agreed upon as a working assumption.
Regarding signaling of UE-specific DM-RS configurations, the following observation was made during the RAN1#68bis meeting:

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.
In this contribution, we present our views on the RRC configuration for UE-specific PUSCH DM-RS and discuss potential alternatives for the signaling of UE-specific PUSCH DM-RS.
2. RRC Configuration for UE-specific PUSCH DM-RS

Alt 3 enables the network to assign base sequences and CSH patterns independent of each other, and thereby provides scheduling flexibility in terms of better interference randomization and orthogonality tradeoffs. The only difference between Alt 1 and Alt 3 is that per Alt 3, DSS is not signaled in a UE-specific way as part of the UE-specific RRC configuration for PUSCH DM-RS, thus the overhead from the RRC signaling of one parameter (DSSBSI) is avoided. Similar to the description in [1], not signaling DSS in a UE-specific manner would not affect the system performance as the network may select an appropriate value of VCID such that the following relations are satisfied:
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, where DSS is the value of the cell-specific parameter for the neighboring cell and DSSPCID is that for the serving cell (corresponding to the PCID) according to Rel-10 specifications. 

While legacy UEs would continue to use the cell-specific DM-RS base sequence and CSH pattern, when configured with UE-specific PUSCH DM-RS, Rel-11 UEs would use the legacy equations with NIDcell replaced by VCID. Note that the complexity increase at the eNodeB scheduler for the determination of the appropriate VCID value as described above can be expected to be marginal without any impact on the scheduling flexibility that is offered by Alt 1. 
Regarding the different DM-RS configurations that may be supported, the above discussion indicates that there is no difference between Alt 1 and Alt 3 in terms of supporting the different configurations in Table 1 [2] as both Alt 1 and Alt 3 would allow the network to assign base sequences and CSH patterns independent of each other. 
Table 1: Summary of DM-RS configurations [2]

	Config.:
	Supported by Alt.2?
(Alt.1 supports all configurations)
	(BSIUEA,CSHUEA), (BSIUEB,CSHUEB)
	Supported orthogonality:
	Supported interference randomization:
	Area splitting gain?

	1a
	Yes
	(A,A),(A,A)
	CS (same BW)
	SGH
	No

	1b
	Yes
	(A,A),(A,A)
	OCC (any BW)
	No
	No

	2
	No
	(A,A),(B,A)
	OCC (any BW)
	Different BSI
	Yes

	3
	No
	(A,A),(A,B)
	CS (same BW)
	Different CSH
	Yes


Further, it should be noted that the importance of supporting configuration 2 (not supported by Alt 2) involving OCC for DM-RS orthogonality and realization of area splitting gain via effective interference randomization is expected to be very high in practical deployments with support for clustered DFT-S-OFDM (UL resource allocation type 1). This can be attributed to the fact that the number of non-contiguous allocations is expected to increase with UL CoMP operation compared to Rel-10 non-CoMP operation, thereby resulting in higher probability (compared to non-CoMP operation) of co-scheduled UEs with unequal bandwidths. For the case of Alt 2, ensuring inter-cell orthogonality would need the network to assign same BSI and CSH to all coupled UEs in the coordination area thereby sacrificing interference randomization abilities currently supported in Rel-8/9/10.
To ensure that the above relations are satisfied for any choice of NIDcell with 0 ≤ NIDcell ≤ 503, the range of possible values for VCID to be signaled via RRC signaling can be seen to be 0 ≤ VCID ≤ 509. For the UE-specific signaling of the cinitCSH parameter, the range of values should include all CSH initialization values possible according to Rel-10 specifications, i.e., all possible values of cinit when cinit is defined by 
[image: image3.wmf]PUSCH

SS

init

f

N

c

+

×

ú

û

ú

ê

ë

ê

=

5

cell

ID

2

30

. With this consideration, it is easy to see that the value of cinitCSH should be such that 0 ≤  cinitCSH ≤ 541.
Considering the benefits of independent configuration of base sequences and CSH, and that RRC defined UE-specific PUSCH DM-RS reconfigurations would be of semi-static nature, the RRC signaling overhead for Alt 3 may not be a cause for concern, even if multiple such sets (with two sets being a reasonable choice) are configured to support dynamic signaling. 
Based on the above analysis and discussion, we propose the adoption of Alt 3 and thus, confirm the current working assumption:
Proposal 1: An RRC configuration includes the following RRC defined UE specific parameters: {VCID, cinitCSH} with 0 ≤ VCID ≤ 509 and 0 ≤  cinitCSH ≤ 541.

· VCID is used to derive base sequence

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
3. Signaling of UE-specific PUSCH DM-RS

As was demonstrated in [3] via system level evaluations and also observed by the RAN1 working group during the RAN1#68bis meeting, dynamic signaling of UE-specific PUSCH DM-RS can provide significant performance improvement compared to the semi-static signaling option. On the contrary, semi-static signaling may result in significant degradation of the cell average spectral efficiency due to MU-MIMO pairing restrictions as described in [3, 4]. Further, dynamic signaling provides high scheduler flexibility in scheduling of legacy UEs along with Rel-11 UEs. Therefore, dynamic signaling of PUSCH DM-RS is clearly preferable from a system performance perspective. 
In order to realize most of the gains from dynamic signaling of UE-specific PUSCH DM-RS assignments, it may be sufficient to configure two UE-specific configurations via RRC signaling and use one bit in the most recent UL-related DCI carried by the PDCCH to indicate the dynamic selection between these two configurations. 

Next, we present some alternatives to efficiently realize the support for dynamic signaling of PUSCH DM-RS with emphasis on the aspects of signaling overhead, backward compatibility, and fallback. 

Alternative I: Re-use the second bit of the CSI Request field in DCI formats 0/4. 
The CSI Request field in UL-related DCI formats 0 and 4 are currently defined to have a length of 1 or 2 bits [5] with the nominal value of the length being 1 bit. Currently, the 2-bit CSI Request field applies only when the UE is configured with multiple DL cells (as in carrier aggregation) and the DCI is mapped onto the UE-specific search space given by the Cell-Radio Network Temporary Identifier (C-RNTI). The 2nd bit of the CSI Request field may be re-used according to any of the following two alternatives:

Alternative IA: When the UE is not configured with multiple DL cells, the 2-bit CSI Request field is applied for Rel-11 UEs when the corresponding DCI format is mapped onto the UE-specific search space given by the C-RNTI. In this case, Rel-11 UEs would expect a 2-bit CSI Request field in DCI formats 0 and 4, and interpret the 2nd bit of this field to indicate the dynamic selection of a particular DM-RS configuration from the two RRC defined UE-specific configurations. 
Alternative IB: When the UE is not configured with multiple DL cells, the 2-bit CSI Request field is used in UL-related DCI format 0 or 4 for a Rel-11 UE if it has been configured with multiple UE-specific DM-RS configurations via RRC signaling and when the corresponding DCI format is mapped onto the UE-specific search space given by the C-RNTI. This alternative reduces to Alternative IA whenever a UE is configured with multiple RRC defined UE-specific PUSCH DM-RS configurations, but can avoid the signaling of the 2nd bit of the CSI Request field whenever a UE is configured neither with multiple DL cells nor with multiple RRC defined UE-specific PUSCH DM-RS configurations. 

While the above alternatives under the paradigm of re-using the 2nd bit of the CSI Request field provide straightforward signaling solutions with minimal impact on existing DCI formats and overhead increase, they restrict the application of dynamic PUSCH DM-RS signaling to UEs that are not being configured with multiple cells in the DL. This may limit the use of the enhanced PUSCH DM-RS design as it may be reasonable to expect future networks to deploy CoMP reception on the UL and CA on the DL. 
Moreover, all variants of Alternative I mandates that the number of RRC defined PUSCH DM-RS sets be restricted to two. While the choice of two sets may be reasonable considering the signaling-vs-performance tradeoff, such strong restriction may not be desirable from the perspective of facilitating future optimizations to the configuration and signaling of PUSCH DM-RS.
Alternative II: Adding a new field to the existing UL-related DCI formats.
Dynamic signaling of the UE-specific PUSCH DM-RS configuration may be realized by adding a new field DMRSconfig to the existing UL-related DCI formats, viz. DCI format 0 and 4. There exist some challenges when such an approach is used for DCI format 0: (1) DCI format 0 should have the same size as DCI format 1A for scheduling the same serving cell and mapped onto the same search space, and (2) DCI format 0 should be the same size as legacy DCI formats 0 and 1A when the former is mapped onto the common search space. 

For the first challenge listed above, if the original DCI format 0 (without the new field) mapped onto a given search space has a smaller payload size than that for DCI format 1A, the new field of 1 bit length can be accommodated with n-1 bits of zeros being padded to DCI format 0, without increasing the signaling overhead. Here, n denotes the number of zeros to be padded to the original DCI format 0 to equate its payload size to that for DCI format 1A. On the other hand, if the payload size for the original DCI format 0 is larger than that for DCI format 1A for scheduling the same cell and mapped onto the same search space, the addition of the new DMRSconfig field to DCI format 0 would lead to an increase in the total signaling overhead (considering both DCI formats 0 and 1A) of 2 bits. 

To circumvent the second challenge, the new field DMRSconfig may only be present in UL-related DCI formats that are mapped onto the UE-specific search space. 

Further, note that adding a field to DCI format 4 would not cause any backward compatibility issues regarding coexistence with other DCI formats and would only lead to an increase of the signaling overhead by 1 bit.

Similar to the options under Alternative I, there exist different ways of realizing Alternative II as explained next.

Alternative IIA: The new field DMRSconfig is of length 1 bit and applies when the corresponding UL-related DCI format is mapped onto the UE-specific search space given by the C-RNTI. In this case, a Rel-11 UE would always expect the presence of the new field of length 1 bit to indicate the selected PUSCH DM-RS configuration. The interpretation of the DMRSconfig field for this option can be summarized via Table 2.

Alternative IIB: The new field DMRSconfig is of length 0 or 1 bit and applies when the UE is configured with multiple RRC defined UE-specific PUSCH DM-RS configurations and when the corresponding DCI format is mapped onto the UE-specific search space given by C-RNTI. Similar to Alternative IB, this option essentially uses the RRC layer signaling of multiple (two here) candidate UE-specific PUSCH DM-RS configurations to inform the UE of the presence of the 1 bit long DMRSconfig field in the UL-related DCI formats mapped onto the UE-specific search space. 
Compared to Alternative IIA, this option provides the network with the option of saving 1 bit in Layer 1 signaling overhead for UEs that may be assigned a PUSCH DM-RS configuration in a semi-static manner via RRC signaling. Therefore, this alternative can support both semi-static and dynamic signaling options with the former signaling option being realized by the network by assigning a single UE-specific PUSCH DM-RS configuration at the RRC layer.
Table 2: DMRSconfig field in DCI formats 0 and 4 according to Alternatives IIA and IIB
	Value of

DMRSconfig field
	Description

	‘0’
	UE-specific PUSCH DM-RS configuration 1 as indicated via RRC

	‘1’
	UE-specific PUSCH DM-RS configuration 2 as indicated via RRC


Considering the benefits and costs associated with the different alternatives for dynamic signaling of PUSCH DM-RS as described above, we propose the following:

Proposal 2: Dynamic signaling of UE-specific PUSCH DM-RS to indicate choice between one of two RRC defined PUSCH DM-RS configurations should be supported to realize meaningful UL CoMP gains in Rel-11.

Proposal 3: (Alternative IIB) Dynamic signaling of the UE-specific PUSCH DM-RS configuration may be realized by adding a new field DMRSconfig to the existing UL-related DCI formats where the new field DMRSconfig is of length 0 or 1 bit and applies when the UE is configured with multiple RRC defined UE-specific PUSCH DM-RS configurations and when the corresponding DCI format is mapped onto the UE-specific search space given by C-RNTI.

4. Conclusions

In this contribution, we analyzed the feasibility of defining the RRC configuration of UE-specific PUSCH DM-RS based on the current working assumption. We also shared our views on dynamic signaling of UE-specific PUSCH DM-RS and presented a discussion on different potential alternatives to realize the same. Based on the analyses presented in this contribution, the main proposals may be summarized as:

Proposal 1: An RRC configuration includes the following RRC defined UE specific parameters: {VCID, cinitCSH} with 0 ≤ VCID ≤ 509 and 0 ≤  cinitCSH ≤ 541.

· VCID is used to derive base sequence

· cinitCSH  substitutes cinit in the CSH initialization (nPN(nS))
Proposal 2: Dynamic signaling of UE-specific PUSCH DM-RS to indicate choice between one of two RRC defined PUSCH DM-RS configurations should be supported to realize meaningful UL CoMP gains in Rel-11.

Proposal 3: Dynamic signaling of the UE-specific PUSCH DM-RS configuration may be realized by adding a new field DMRSconfig to the existing UL-related DCI formats where the new field DMRSconfig is of length 0 or 1 bit and applies when the UE is configured with multiple RRC defined UE-specific PUSCH DM-RS configurations and when the corresponding DCI format is mapped onto the UE-specific search space given by C-RNTI.
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