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1 Introduction

According to the WI on Coordinate Multi-point Operation for LTE Rel-11 improvements to DMRS should be considered as specified in the following bullet:
· Study and Enhancements and requirements on uplink reference signals to improve the DM-RS and SRS capacity and reception.
During RAN1#67 in San Francisco the following working assumption was reached [1]:

· 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.

This contribution focuses on the FFS points above and aims at reaching progress on those aspects.
2 Discussion on DMRS configuration mechanisms
As observed in previous contributions [2-5] the standard changes included in the working assumption [1] aim mainly at enabling inter-point DMRS orthogonality (with resulting gains mainly for cell-edge and CoMP UEs) as well as enabling DMRS capacity scaling for dense hetnet deployments. Nevertheless, in order to capture the above objectives, the agreed solution needs also to allow sufficient scheduling flexibility and at the same time guarantee easy deployment of dense hetnets. The ability of enabling CoMP benefits even for legacy UEs should be considered, too, as captured in the working assumption.
The following combinations are compared in the following:

· Dynamic signaling of base sequence index and cyclic shift hopping pattern

· Semi-static independent configuration of base sequence index and cyclic shift hopping pattern

· Semi-static configuration of an UL virtual-cell-ID.

2.1 Dynamic signaling of base sequence index and cyclic shift hopping pattern

A first example configuration of a hetnet with dynamic signaling of base sequence index (BSI) and semi-static signaling of the CS hopping (CSH) pattern is shown in Figure 1. In this example the CSH pattern and the BSI are signaled dynamically for each PUSCH transmission. This can be achieved with one bit in UL DCI formats in the UE specific search space, as explained in section 4.
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Figure 1: Example configuration for dynamic signaling of base sequence index and cyclic shift hopping pattern.
In the above example two CoMP UEs are made orthogonal by dynamically signaling different BSI and CSH patterns. The network is thus able to exploit Rel-10 MU-MIMO mechanisms (OCC and/or CS) for orthogonality.
Alternatively, area splitting gains may be achieved when UEs are geographically well separated, by assigning different BSI and CSH patterns. 

Legacy UEs may also benefit from CoMP when coscheduled with Rel-11 UEs, by letting the Rel-11 UE match the BSI and CSH pattern of the legacy UE.

Observations

· Dynamic independent signaling of BSI and CSH pattern allows inter-point orthogonality and CoMP operation as well as area splitting gain

· Legacy UEs may benefit from inter-point orthogonality when paired with new UEs

· The signaling overhead may be contained to 1 bit for DCI format 4 in UE specific search space

2.2 Semi-static independent configuration of base sequence index and cyclic shift hopping pattern

Another example configuration of a hetnet with semi-static independent signaling of BSI and CSH pattern is shown in Figure 2. 
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Figure 2: Example configuration of Semi-static independent configuration of base sequence index and cyclic shift hopping pattern.
In this example the CSH pattern and the BSI are configured by RRC signaling. In the example the same CSH pattern is assigned to the CoMP cluster (for achieving OCC-based inter-point orthogonality) while different UL coverage areas are assigned different BSI for achieving area splitting gain.

Compared to dynamic signaling, the semi-static signaling solution is not able to guarantee inter-point orthogonality between legacy and new UEs. Furthermore, scheduling flexibility restrictions occur because inter-point orthogonality may only be achieved by OCC and not by CS. On the other hand, at least new UEs benefit from inter-point orthogonality and the additional RRC overhead is negligible.

Observations

· Semi-static  independent signaling of BSI and CSH pattern allows inter-point orthogonality and CoMP operation as well as area splitting gain for new UEs
· Only OCC based inter-point orthogonality available
· Legacy UEs do not benefit from inter-point orthogonality.
2.3 Semi-static configuration of an UL virtual-cell-ID

An example CoMP network configured based on the new concept of an UL UE-specific virtual cell-ID [6] is provided in Figure 3. With virtual-cell-ID at least the UL parameters for DMRS generation are derived from the new UL cell-ID, while other parameters that depend on cell-ID are still based on the cell-specific legacy cell-ID.
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Figure 3: Example configuration of semi-static configuration of an UL virtual-cell-ID.
Differently from previous solutions, the virtual-cell-ID enables inter-point orthogonality by creating an additional CoMP sector characterized by a new cell-ID. It should be observed that this solution does not allow orthogonality between different virtual-cells, but only within the same virtual cell (by use of MU-MIMO techniques). In order to allow inter-point orthogonality additional virtual cells (with a specific cell-ID) need to be provisioned by the network. Considering the pico densification trend in future networks, it appears extremely difficult, if not practically infeasible, to efficiently assign virtual-cell-IDs and manage a network where the number of virtual cells is a multiple of the number of nodes in the network.
Another aspect to be considered is that operators may deploy Rel-11 networks as an evolution of existing networks, where cell-IDs have already been assigned to existing nodes. The introduction of additional virtual cell-IDs requires careful evaluation and possibly re-planning of the already assigned cell-IDs, in order to avoid tight reuse of the same cell-IDs in different sites.

It should be also observed that the virtual-cell-ID solution incurs in additional scheduler restrictions for MU-MIMO within the coverage of a certain point. By introducing additional (virtual) cell borders, it is thus not possible to exploit MU-MIMO for UEs across cell center, i.e., those UEs typically benefitting most from MU-MIMO. Besides the fact that existing legacy MU-MIMO schedulers and gains need to be re-optimized for the new deployment with virtual cell-IDs, it has not been proved by any system level simulation that the cell-edge gains achieved by inter-point orthogonality exceed the performance loss due to scheduling limitations for MU-MIMO within each point’s coverage.
Furthermore, the virtual-cell-ID solution is not able to enable inter-point orthogonality for legacy UEs, which are tied to the legacy cell-ID.
Observations
·  Semi-static configuration of an UL virtual-cell-ID enables inter-point orthogonality at the price of scheduling restrictions for MU-MIMO

· The trade-off between MU-MIMO performance degradation and benefits of inter-point orthogonality has not been evaluated
· Re-planning of cell-IDs for existing networks might need to be considered for certain deployments

· Optimization of a dense hetnet based on virtual cell-ID appears at least challenging
· Legacy UEs do not benefit from inter-point orthogonality.

Based on the above considerations, the following is proposed:

Proposal:
· Dynamic signaling of base sequence index and cyclic shift hopping pattern is introduced in Rel-11

· In case the overhead is a major concern, semi-static independent configuration of base sequence index and cyclic shift hopping pattern may be considered

· Semi-static configuration of an UL virtual-cell-ID is not a preferred solution.

3 Enhanced hopping mechanisms

Different enhancements to sequence/group hopping have been discussed in [7], each of them having specific properties. The introduction of a new hopping mechanism seems to have some benefit especially in case of semi-static configuration of the DMRS parameters. One possibility between swap/reverse hopping [7] and repetition of the same DMRS symbol over the two slots of a subframe may be considered for Rel-11.

Proposal:

· Consider introduction of swap/reverse hopping or repetition of the same DMRS symbol over the two slots of a subframe.
4 Details on UE configuration
In this section some details about the configuration of UE specific DMRS are provided. In case of semi-static independent configuration of BSI and CSH pattern, the specification impact reduces, e.g., to defining in a UE specific fashion the parameters 
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 [8].

In case of dynamic signaling of the BSI and CSH pattern, two DMRS configuration sets may be defined, each of them including the parameters 
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 [8]. One bit on UL DCI formats (in the UE specific search space) is employed for pointing to the chosen configuration set. It is assumed here that two sets are sufficient for most operations.

For simplicity it is proposed here to let the sequence/group hopping pattern be evaluated according to the parameters of the corresponding UE specific DMRS configuration set.
Proposal:

· Let the parameters 
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be defined in a UE-specific fashion
· In case dynamic signaling of DMRS parameters is agreed, the scheduling grant includes a pointer to a DMRS configuration set
5 Summary

This paper addresses UL DMRS enhancements for Rel-11. Based on the discussion the following observations and proposals are made:
Observations

· Dynamic independent signaling of BSI and CSH pattern allows inter-point orthogonality and CoMP operation as well as area splitting gain

· Legacy UEs may benefit from inter-point orthogonality when paired with new UEs

· The signaling overhead may be contained to 1 bit for DCI format 4 in UE specific search space

· Semi-static  independent signaling of BSI and CSH pattern allows inter-point orthogonality and CoMP operation as well as area splitting gain for new UEs

· Only OCC based inter-point orthogonality available
· Legacy UEs do not benefit from inter-point orthogonality.
·  Semi-static configuration of an UL virtual-cell-ID enables inter-point orthogonality at the price of scheduling restrictions for MU-MIMO

· The trade-off between MU-MIMO performance degradation and benefits of inter-point orthogonality has not been evaluated
· Re-planning of cell-IDs for existing networks might need to be considered for certain deployments

· Optimization of a dense hetnet based on virtual cell-ID appears at least challenging
· Legacy UEs do not benefit from inter-point orthogonality.

Proposal:

· Dynamic signaling of base sequence index and cyclic shift hopping pattern is introduced in Rel-11

· In case the overhead is a major concern, semi-static independent configuration of base sequence index and cyclic shift hopping pattern may be considered

· Semi-static configuration of an UL virtual-cell-ID is not a preferred solution.
· Consider introduction of swap/reverse hopping or repetition of the same DMRS symbol over the two slots of a subframe.

· Let the parameters 
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be defined in a UE-specific fashion

· In case dynamic signaling of DMRS parameters is agreed, the scheduling grant includes a pointer to a DMRS configuration set
References

[1] 3GPP RAN1#67, Chairman notes 
[2] R1-113646 - Enhancements of uplink DMRS for UL CoMP
Huawei, HiSilicon

[3] R1-114231 - UL DM RS enhancements for UL CoMP - Samsung

[4] R1-114253 - Potential Enhancements for UL DMRS - Ericsson, ST-Ericsson

[5] R1-114324 - On Reference Signal Enhancements for UL CoMP - Nokia Siemens Networks, Nokia

[6] R1-113810 - DMRS enhancement for UL CoMP - Panasonic
[7] R1-114254 - Discussion on Interference Randomization for UL DMRS – Ericsson, ST-Ericsson

[8] 3GPP TS 36.211 V9.0.0



























_1389447179.unknown

_1389447233.unknown

_1389447245.unknown

_1389447224.unknown

_1389447142.unknown

