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1. Introduction
In RAN1#68meeting, the following decisions were agreed for further discussion on UL DMRS enhancement
· Confirm the working assumption on PUSCH DMRS enhancement in Rel-11

· UE-specific configuration of base sequence

· UE-specific configuration of CS hopping

· Email discussion before RAN1#68bis on details of RRC configuration for UL DMRS sequence and CS hopping, focus on comparison of these identified alternatives, and take into account aspects listed below. Aspects to be considered for deciding on these alternatives can include:
· Avoidance of consistent collision

· Complexity and performance impact

· Signaling overhead

· Support orthogonality with legacy UEs

· Network management
During the email discussion, different alternatives were discussed by companies but no agreement was reached. In this contribution, we continue discussing PUSCH DMRS enhancement by comparison of different schemes.
2. Discussion
2.1. RRC configuration for DMRS sequence and CS hopping
In Rel-11, UE-specific DMRS configuration is an important topic to support UL CoMP.  In CoMP SI and previous meetings, the primary motivation to introduce UE-specific DMRS is summarized as follows:
· Enhanced inter-cell orthogonality via CS/OCC (for scenario 1/2/3)
· Enhanced intra-cell interference randomization (for scenario 4)
To achieve the above functions, two alternatives were discussed:
· Alt.1: A RRC configuration includes the following RRC defined UE specific parameters, {NIDBSI, DSSBSI, cinitCSH}.[1]
· Alt2: A UE is configured with a virtual cell ID, which is used to derive base sequence as well as CS hopping.
The essential difference focuses on whether independent RRC signaling is needed to configure Dss and initialization value of CSH. Compared to Alt.2, Alt.1 allows different configurations of base sequence and CSH. We compare these two types of configuration in detail from the following aspects.
· Avoidance of consistent collision. Both alternatives can achieve sufficient orthogonality and interference randomization for multiplexing UEs. Consistent collision can be avoided via scheduling implementation in eNB. It would not be a problem especially when dynamic signaling is used for DMRS configuration. Similar to that in DL-DMRS design, there is no so-called UL cell-edge regions shift or creation with dynamic signaling.
· Orthogonality with legacy UEs. Both alternatives can provide orthogonality with legacy UEs via CS/OCC in general scenarios. An additional special scenario of alt.1 would be orthogonality via OCC and meanwhile interference randomization by different BSI with configuration of the same cinitCSH and different NIDBSI compared with legacy UE’s. However, this type of configuration is hardly useful due to application limitation of OCC and loss of slot-by-slot interference randomization. Sufficient orthogonality and randomization can be achieved with alt.2 by different configurations of virtual cell ID especially when dynamic signaling is allowed. Based on intelligent scheduling in eNB, the capability of the two alternatives in orthogonality is similar and both limited by the same DMRS capacity. Especially in scenario 4where the number of legacy UEs is very restricted due to limited PDCCH resource, orthogonality with legacy UEs would not be a problem.
· Interference randomization. Effective interference randomization can only be obtained via different base sequences and meanwhile different CSH patterns between UEs. The other cases will be problematic: the same BSI and different CSH would only lead to CS orthogonality/collision; the different BSI and the same CSH would result in loss of slot by slot interference randomization. For the cases that different bandwidths are allocated, different virtual cells can well help interference reduction.
· Scheduling and configuration complexity. With independent signaling for BSI, Dss and CSH, the parameter configuration and UE scheduling of alt.1 is obviously more complex than that of alt.2. For alt.1, orthogonality via the same NIDBSI and different cinitCSH requires additional complexity in eNB to configure appropriate cinitCSH and calculate the CSH value in each slot to ensure sufficient orthogonality. Configuration of the same cinitCSH and different NIDBSI also needs scheduling complexity to keep both orthogonality and interference randomization. For alt.2, only two types of configuration are considered: orthogonality or interference randomization. 
· Performance impact. Both inter-cell orthogonality and intra-cell interference randomization can be well supported by alt.1 and alt.2. No performance evaluation has shown the additional gain of alt.1 that alt.2 cannot achieve.
· Signaling overhead. Only one RRC parameter is needed for alt.2 while three parameters should be configured for alt.1. Furthermore, the 
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 is useless for Rel-11 UEs as analyzed below, and then the RRC signaling for Dss in alt.1 would be redundant and a waste of signaling. Although the semi-static RRC signaling may not really increase much overhead in the system, more corresponding dynamic signaling may also be required in alt.1 for its pursued flexibility of UE pairing, e.g. informing UE more than two group-configurations of its three parameters and more than 1 bits dynamic signaling would be needed for dynamic selection.
· Network management. The primary impact on network management is the scheduling and configuration complexity, and the advantage of alt.2 has been shown.
From the above comparison, we cannot see clear benefits from Alt.1 but additional complexity and signaling. Alt.2 has provided full capability of UL DMRS for CoMP. Any additional enhancement should show its performance gain in general scenarios. From current analysis, we propose that:
Proposal 1: A virtual cell ID is introduced to obtain UE-specific base sequence and CS hopping pattern.
In Rel-10, a cell-specific 
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 is defined to configure multiple intra-site cells to use the same DMRS base sequence for inter-cell MU-MIMO so that orthogonality can sometimes be achieved by CS. However, for legacy UEs, due to different CSH patterns among cells and limited DMRS resource, this type of MU-MIMO can hardly work, and may lead to higher interference without interference randomization among cells. It means that 
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 is a more common configuration even in a legacy cell. In Rel-11, 
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 which has been completely replaced by UE-specific DMRS sequence to achieve better orthogonality, is no longer useful for UE paring. It can be predefined to 0 or removed for simplicity without impact on the backward compatibility. Even when a Rel-11 UE with 
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needs to be orthogonally multiplexed with a legacy UE with 
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, a virtual cell ID can be easily found for the Rel-11 UE to obtain the same base sequence and CSH pattern with the legacy UE as shown during the email discussion.
Proposal 2: No RRC signaling is needed for
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2.2. Signaling for DMRS configuration
The indication method of different RRC configurations was also an argumentative topic in #68 meeting. Dynamic or semi-statistic signaling show benefits from different aspects. Dynamic signaling can provide better scheduling flexibility to support MU-pairing of UEs from different cells and UEs with different release versions. It is expected that the UL DMRS can hold simple and good design consistent with the DL DMRS for similar scenarios. Nevertheless, in DL CoMP, new DCI is likely to be introduced, and the DMRS configuration can be implicitly indicated via joint coding without additional overhead [2]. For UL DMRS, explicit bit would be needed in DCI format 0/4 for dynamic indication. This is also the point showing the advantage of semi-statistic configuration. From the perspective of flexibility, dynamic signaling is preferred. However, more study should be taken to find the way to minimize the PDCCH overhead, e.g. implicit signaling if available. Also, the scheme of signaling design cannot be completely decoupled from discussion of the RRC configuration. With dynamic configuration, the difference between alt.1 and alt.2 in section 2.1 will be more slight and neglectable. 
Proposal 3: Tradeoff between scheduling flexibility and PDCCH overhead should be considered for signaling design of UE-specific DMRS.
3. Conclusions

In this contribution, we discuss the remaining issues for UL DMRS enhancement in Rel-11 based on the current working assumption and solutions. Considering that the motivation and application scenarios of UL/DL DMRS enhancement are similar, the same virtual cell ID as DL DMRS enhancement will be sufficient for UL DMRS. Similar dynamic selection can also be considered if signaling overhead is not a problem. The following proposals are what we recommend:
Proposal 1: A virtual cell ID is introduced to obtain UE-specific base sequence and CS hopping pattern.
Proposal 2: No RRC signaling is needed for
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Proposal 3: Tradeoff between scheduling flexibility and PDCCH overhead should be considered for signaling design of UE-specific DMRS.
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