
3GPP TSG RAN WG1 Meeting #60
R1-101008

San Francisco, USA, February 22 – 26, 2010

Source: 
Ericsson, ST-Ericsson

Title:
Uplink DM-RS Resource Configuration for LTE-Advanced
Agenda item:
7.4.1
Document for:
Discussion and decision
1 Introduction

In RAN1#57 meeting, it was agreed that for UL DM RS:
· Cyclic shift (CS) separation is the primary multiplexing scheme. 
· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.

In RAN1#59bis meeting various companies proposed configuration strategies for UL DM RS, both based, e.g., on the existing PDCCH R8 field for CS ([1]-[5]) or alternatively requiring additional signalling for improved flexibility ([6]-[8]).
This contribution discusses ways to configure UL DM RS for LTE-Advanced system, taking the requirements from both SU- and MU-MIMO into account.

2 Discussion

According to previous contributions from various companies (e.g., [3]

 REF _Ref253650016 \r \h 
[6]) it appears that several aspects and requirements may be taken into account for the design of UL DM RS:

· Flexibility: coscheduled layers may belong to one or more UEs, each of them is possibly transmitting multiple layers. The supported combinations of UL DM RS may have some impact on the scheduling flexibility;
· Performance: given the required multiplexing gain, a sufficient level of orthogonality should be achieved by the UL DM RS pattern;

· Support to unequal bandwidth allocations: some system level investigations [10] indicate that it may be beneficial to simplify supporting this feature by an appropriate design of DM RS;

· Multiplexing capacity: it is desirable to be able to support a good number of layers on the UL DM RS channel;

· Backward compatibility: it is important to be able to seamlessly coschedule R10 and R8 UEs;

· Efficiency: signaling should be performed in the most efficient way.

UL DM RS patterns may be designed by combining CS and OCC. However, the usefulness of OCC is limited to very selected scenarios (very low Doppler spread and more than 2 coscheduled layers [8]), and the gains appear to be rather modest [9]. Therefore it is not worth spending any extra signalling overhead for the support of OCC, particularly since maintaining control channel coverage is a key requirement. At the same time, configuring CS/OCC resources need to be carried out on L1 in order to track the dynamic nature of the scheduling. 
Observation
· Support OCC only if it does not require additional signalling overhead
· Signalling of CS/OCC needs to be on L1
3 Signaling proposal
We believe that explicit signaling of CS/OCC patterns should be solely based on the 3 existing CS bits in PDCCH in order to retain signaling efficiency. However, in order to improve optimization of the signaled patterns, additional L1 implicit information may be explited, such as the transmission rank.
Furthermore, the optimal set of available CS/OCC patterns for each rank should be as large as possible and should have good orthogonality properties not only between the multiplexed layers but also w.r.t. other R10 and R8 UEs.. An example of how the signalling design can depend on the rank is given in Table 1.
Table 1: DM RS “Tables of Patterns” for 4 Tx antenna UEs. Different numbers in the circle indicate different patterns. Each UE is assigned a specific pattern for all the layers in the used rank.
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We leave the design of the remaining 2 patterns for rank 4 FFS.

Observation
· employ joint CS/OCC patterns as shown, e.g., in Table 1

3.1 Control signaling
According to Table 1, 8 different patterns are provided for each for each rank. Therefore, 3 bits from the DM RS CS offset in the PDCCH UL grant are sufficient to address one pattern in the table.
However, additional scheduling flexibility and multiplexing capacity without additional signaling cost can be achieved by exploiting unused entries in the UL Grant. For example, the patterns for rank 1 and 4 tx antennas can be extended to 16 patterns if there are sufficiently many available code points in other fields of the PDCCH. An example of an extended pattern table is reported in Table 2.
Table 2: DM RS “Tables of Patterns” for 4 Tx antenna UEs and Rank 1. Different numbers in the circle indicate different patterns. Each UE is assigned a specific pattern.
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Observation: 
· the UL rank defines which “Table of Patterns” is employed. A specific pattern within the selected table is indexed by 3 bits in the PDCCH;

· possibly employ unused UL codebook entries to signal additional patterns.
3.2 Usage example

In order to illustrate the flexibility of the mentioned solution, we show some practical example applications. In the examples below, each UE takes a pattern from the corresponding rank in Table 1. In these examples, the number in the circle indicates the UE index and not the pattern index.
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a) MU-MIMO, 1 R8 UE, 1 R10/2 layers UE, 1 R10/4 layers UE
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b) MU-MIMO, 2 users, 4 layers/user and different allocated BWs
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c) MU-MIMO, 2 users, UE 0 has 3 layers, UE 1 has 1 layer and different allocated BW than UE 0
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d) MU-MIMO, 4 users, 1 layer/user, showing the advantage of extended.
By comparing, e.g., example b) with the corresponding case in [8] the proposed solution looks particularly attractive as it allows co-scheduling of users with unequal bandwidths with the same performance (in terms of layer separation) as in [8].
4 Summary
In this contribution we have discussed how to configure UL DM RS for LTE-Advanced, taking into account performance and efficiency requirements for SU/MU-MIMO. Based on these considerations, we propose the following:

· Support OCC only if it does not require additional signalling overhead
· Signalling of CS/OCC needs to be on L1

· Available CS/OCC patterns should be UE rank specific;
· Signalling of CS/OCC in UL grant re-using the 3-bit CS field, but employ additional implicit information such as transmission rank
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