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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#68 in Dresden the following working assumption was confirmed [1]:

· UE-specific configuration of base sequence
· UE-specific configuration of CS hopping
It was also agreed to continue discussion by email, focusing on the following aspects:

· Avoidance of consistent collision

· Complexity and performance impact

· Signaling overhead

· Support orthogonality with legacy UEs

· Network management 

A summary of the email discussion is available in [2]. This contribution focuses on the points above and aims at reaching progress on remaining UL DMRS aspects.
2 Discussion on DMRS configuration mechanisms
The standard changes included in the agreement [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. In Section 2.1 we compare different alternatives for the set of RRC parameters to be signaled, while in Section 2.2 we compare a dynamic solution with a fully semi-static solution.
2.1 Independent configuration of base sequence index and cyclic shift hopping pattern

Independent configuration of the BSI and CSH patterns allows for flexible deployment of networks, without compromising between cell capacity and inter-cell orthogonality. An example homogeneous deployment is shown in Figure 1. In this example, the same CSH is applied to a cluster of coordinated cells. Robustness to inter-cell interference is achieved by assigning different BSI to different cells (and possibly SGH). Inter-cell orthogonality is achieved by use of OCC and capacity per cell (expressed as number of supported UEs/cell) is not affected as compared to a deployment not supporting inter-cell orthogonality.
[image: image1.emf]Cell A

-inter-cell orthogonality

-typically (but not necessarily) based on OCC

Cell B

Legacy UE

R11 UE


Figure 1: Homogeneous deployment with inter-cell orthogonality.
Another application of inter-cell orthogonality is shown in Figure 2, for a hetnet scenario. In this case, independent configuration of BSI and CSH allows flexible MU-MIMO operation for UEs outside the range expansion zone of the pico. Depending on instantaneous traffic and channel conditions, such UEs may be paired with either macro or pico UEs, enhancing the chances for MU-MIMO scheduling.
[image: image2.emf]Cell A

Cell B

-MU-MIMO configuration

-Similar (medium) SNR for paired UEs

-OCC/CS separation

R11 UE

Legacy UE

Intercell orthogonality

R11 UE


Figure 2: Heterogeneous deployment with inter-cell orthogonality and MU-MIMO support.
As an additional remark, independent configuration of BSI and CSH allows OCC orthogonality for co-scheduled UEs with different BSI and same CSH (both for MU-MIMO and inter-cell orthogonality). The consequence is that DMRS orthogonality is robustified as compared to pure OCC-based orthogonality (with the same BSI), especially for moderate speed scenarios where semi-orthogonal BSIs complement weak OCC orthogonality.

Independent configuration of BSI and CSH may be achieved, e.g., by UE-specific signaling of the parameters 
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 as described in more detail in Section 4.

Proposal:
· 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.

2.2 Linked configuration of base sequence index and cyclic shift hopping pattern

The BSI and CSH pattern may be simultaneously configured by use of a virtual cell-ID. Due to the limited range and the limitations of such signaling solution, whenever the CSH for two cells is matched, the BSI is also colliding. The consequence is that, in order to achieve inter-cell orthogonality, it is necessary to assign the same BSI and CSH to all coordinated cells, thus making ineffective the interference reduction solutions (e.g., semi-orthogonality for different BSI, CSH and SGH) that have been supported since Rel-8. The large cross-correlation peaks occurring when the same BSI is assigned to UEs on different bandwidths has been studied, e.g., in [3].
The consequences are manifold:

· Serious capacity limitation (in terms of supported number of UEs)

· This is particularly critical when inter-cell orthogonality is applied to macro-deployments

· Complicated DMRS coordination due to lack of inter-cell semi-orthogonality

· Complicated scheduling due to DMRS CS/OCC assignment that needs to be coordinated over extended geographical areas

· Avoidance of PHICH collisions may also be problematic

· Matching BSI and CSH for cells employing 
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 other than 0 requires solving a system of non-linear equations.
Considering the modest signaling increase for independent signaling of BSI and CSH as compared to signaling only a virtual cell-ID, it does not appear justified to accept the drawbacks of this second solution.
Proposal
· Semi-static configuration of an UL virtual-cell-ID is not a preferred solution.

2.3 Dynamic signaling of DMRS configurations
Dynamic signaling of DMRS configurations may complement any of the alternatives in Section 2.1 and Section 2.2, and it is already supported in the DL for Rel-11 LTE [1].
Considering that OCC provides orthogonality order two and that each cell has typically more than one interfering cell, dynamic signaling may be exploited for switching between DMRS configurations and providing orthogonality towards the most severe interferer for each subframe. Considering traffic dynamics, this is clearly unfeasible with a semi-static solution.
Another application consists of enhanced support for legacy UEs. In this case dynamic signaling would allow dynamic switching between a Rel-11 DMRS configuration and a legacy DMRS configuration. Even though one could observe that the share of legacy UEs is expected to decline in the long term, it is also true that a limited number of legacy UEs might severely limit scheduling flexibility and the benefits from orthogonal DMRS even for new UEs. It is also particularly interesting to notice that dynamic signaling of DMRS configurations would allow dynamic pairing of new UEs with either legacy or new UEs while exploiting orthogonal DMRS. In other words, this Rel-11 feature would not only benefit new UEs, but even legacy UEs.

Observations

· Dynamic signaling of DMRS configurations benefits both new and legacy UEs and improves scheduling flexibility.
3 Enhanced hopping mechanisms

Different enhancements to sequence/group hopping have been discussed in [4], 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 [4] 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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 (for CSH initialization only).
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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. One configurable 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. Possibly, one of the sets may be hard-coded to the legacy DMRS configuration. 
The dynamic DMRS configuration bit may be configured by the network only for those UEs benefitting from dynamic DMRS configuration switching, thus optimizing the trade-off between performance and signaling.
Proposal:

· The parameters 
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 (for CSH initialization only) are defined in UE-specific fashion
· In case dynamic signaling of DMRS parameters is agreed, the UL scheduling grant includes a configurable 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:
Proposal:
· 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.

· Semi-static configuration of an UL virtual-cell-ID is not a preferred solution.
· Dynamic signaling of DMRS configurations benefits both new and legacy UEs and improves scheduling flexibility.
· Consider introduction of swap/reverse hopping or repetition of the same DMRS symbol over the two slots of a subframe.

· The parameters 
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 (for CSH initialization only) are defined in UE-specific fashion

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