3GPP TSG RAN WG1 Meeting #59bis














R1-100334
Valencia, Spain, 18th – 22nd January 2010
Agenda item:

7.4.1
Source:

Nokia Siemens Networks, Nokia
Title:
DM RS configuration for SU-MIMO
Document for:

Discussion and Decision
1
Introduction

This contribution deals with DM RS configuration for SU-MIMO. In RAN1#57 meeting, the following working assumption was agreed for uplink DM RS multiplexing on SU-MIMO. 

· Cyclic shift (CS) separation is the primary multiplexing scheme. 
· FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.
· Codes are {+1, +1} and {+1, -1} 
Many companies have proposed OCC as complementary multiplexing scheme for CS separation [1-5]. This contribution discusses ways to realize OCC on top of LTE-Advanced system, taking the requirements from both SU- and MU-MIMO into account.

2 Discussion
Benefits of OCC
As discussed in e.g. [1 - 5], the usage of OCC between DM RS of the two slots of the subframe has as some clear benefits. The main arguments behind these proposals are:

· capability to increase the number of orthogonal RS resources 
· capability to support different Tx bandwidths for different UEs with MU-MIMO pairing
· Improved orthogonality between multiplexed DM RSs.
The implementation of OCC is straightforward at both UE and eNodeB since only a simple multiplication by -1 is required. Furthermore, there are no issues with backwards compatibility.
During the email discussion on UL DM RS after the RAN WG1 meeting #59 a point was raised about the impact of OCC on eNodeB receiver performance. More specifically it was proposed that:
· We should carefully evaluate the impact of OCC to the accuracy of channel estimation, frequency offset estimation, and Doppler estimation, in particular in the high Doppler scenario.

Since the eNodeB always knows which OCC the UE applies, there is not any performance impact on the channel estimation, frequency offset estimation or Doppler estimation – this is a notable difference when compared to e.g. PUCCH formats 2a/2B, where ACK/NACK information is modulated into the RS phase and hence impact phase estimation at high Doppler.

Obviously the benefits of OCC disappear at very high Doppler due to loss of orthogonality, but the situation is never worse than without OCC. Besides the target use cases for OCC, namely MU-MIMO and SU-MIMO with spatial multiplexing are typically not robust enough anyway for operation at very high UE velocities.
Proposal: OCC is adopted into LTE-Advanced for both SU-MIMO and MU-MIMO.
OCC Configuration:
In the case that complementary multiplexing scheme (OCC) is accepted, there is a need to configure the corresponding multiplexing resource (OCC) for the UE. It is also desirable that the complementary multiplexing resource is signalled dynamically as the primary multiplexing resource. 
The multiplexing resource can be signalled either explicitly or implicitly. Explicit signalling can be either semi-static (RRC configuration) or dynamic (via UL grant). The problem with RRC configuration (in addition to the required signalling) is that it does not allow for fully dynamic OCC selection hence creating some unnecessary scheduling restrictions for the MU-MIMO case making it a very unattractive alternative. Explicit signalling via UL grant is straightforward and provides full flexibility for the configuration. However, it is not desirable to increase the scheduling grant size due to additional signalling. This would e.g. cause issues also for DL control signalling design since it seems necessary to match the size of the UL grant with some DL DCI format in order to limit the number of blind decodings similarly as in LTE-Rel-8. In order to justify the increased DCI overhead explicit signalling should provide clear performance benefits over implicit signalling which is not the case. 
In implicit signalling, complementary multiplexing resource is linked to some other parameter that can be determined based on the scheduling grant. Benefit of implicit approach is that it does not require additional dynamic signalling.

It is proposed in [2, 3] that OCC is semistatically linked to the spatial layer. In given examples, layer 1 and 2 would use OCC #1, and layer 3 and 4 would use OCC #2. Clearly, the OCC multiplexing is not efficiently used in this scheme, when linking OCC to the layer. OCC would provide benefits only for SU-MIMO transmission ranks 3 and 4. Scheme does not provide any benefit for more common transmission rank 2 or MU-MIMO with transmission rank 1, since the same OCC would be used in all transmissions.

Another approach would be to link the OCC to dynamically signalled multiplexing index. In the generation of mapping table, also optimal DM RS for different transmission ranks for SU-MIMO as well as for different number of UEs paired for MU-MIMO must be considered.  Table 1 shows an exemplary linkage between OCC and dynamically signalled multiplexing index. The maximally orthogonal CS/OCC combinations are given for:    
· {2, 8} and {4, 10} for two DM RS

· {0,4,8} and {2,6,10} for three DM RS 
· {0,3,6,9} for four DM RS.

It is noted that DM RS orthogonality given in Table 1 is improved also for multiplexing order of 6, although the CS/OCC combinations are not maximally orthogonal.

Table 1. Linkage between OCC and dynamically signalled multiplexing index
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	000
	0
	[+1 +1]

	001
	6
	[+1 +1]

	010
	3
	[+1 -1]

	011
	4
	[+1 +1]

	100
	2
	[+1 +1]

	101
	8
	[+1 -1]

	110
	10
	[+1 -1]

	111
	9
	[+1 -1]


Proposal: OCC (complementary multiplexing resource index) is linked to the dynamically signalled primary multiplexing resource index (i.e. Cyclic Shift)
DM RS configuration for SU-MIMO:

In SU-MIMO spatial multiplexing, several DM RS need to be configured and transmitted. As discussed in [1], there is no need for explicit signalling of multiple DM RS resources on PDCCH. Instead, multiple DM RS configurations can be reasonably derived from single signalled configuration using cyclic shift offset signalled via higher layers. 
Proposal: multiple DM RS configurations are derived from the signalled CS using cyclic shift offset signalled via higher layers 
LTE Rel-8 PUCCH applies CS hopping and CS-remapping at the slot boundary. The goal of the remapping is to randomize the intra-cell interference between the occupied PUCCH resources. We note that CS randomisation between the spatial layers of single UE could be considered as a way to improve the DM RS orthogonality similarly as in PUCCH. It is noted that randomization is achieved also in the case when the SU-MIMO rank 2 transmission is part of MU-MIMO transmission with total rank > 2.
Proposal: Randomisation between spatial layers of single UE could be considered as a way to improve the DM RS randomization between spatial layers
DM RS optimization for MU-MIMO:

As said, OCC provides capability to support different Tx bandwidths for different UEs with MU-MIMO pairing. Results shown in [6] show 15 % throughput gain from the enhanced reference signal structure as the current release 8 based reference signal allows only for pairing over equal bandwidth allocation. Besides throughput gain, the introduction of enhanced reference signal structure will remove an important scheduling constraint for UL MU-MIMO scheduling.
Enhanced MU-MIMO can be applied using the principle shown in Table 1. LTE-Advanced UEs derive the OCC from dynamically signalled primary multiplexing resource index. Using OCC does not cause any impact to legacy operation, but legacy terminals can be part of MU-MIMO pairing as well. The same applies to combination of SU-MIMO and MU-MIMO. MU-MIMO transmission  where two SU-MIMO rank=2 users are multiplexed together can be supported; e.g., UE#1 would use cyclic shifts {0, 3} and UE#2 would use cyclic shifts {6,9} or, alternatively, UE#1 would use cyclic shifts {0, 6} and UE#2 would use cyclic shifts {3,9} .
Proposal: OCC index is linked to the dynamically signalled CS index. The same linkage is used for both single-antenna-port transmission (including MU-MIMO) and SU-MIMO (including MU-MIMO)
3
Summary 

In this contribution we have discussed about DM RS configuration for SU-MIMO and ways to realize OCC on top of LTE-Advanced system, taking the requirements from both SU- and MU-MIMO into account.

Given the above aspects, we propose the following:

1. OCC should be used as complementary multiplexing resource in both SU-MIMO and MU-MIMO in addition to the cyclic shift
2. OCC index is linked to the dynamically signalled CS (primary multiplexing resource) index. The same linkage is used for both single-antenna-port transmission (including MU-MIMO) and SU-MIMO spatial multiplexing (including MU-MIMO)
3. Multiple DM RS configurations for SU-MIMO are derived from the signalled CS using cyclic shift offset signalled via higher layers 

4. Randomisation between spatial layers of single UE could be considered as a way to improve the DM RS orthogonality between spatial layers 
References

[1] R1-094508, “Views on UL DM RS”, Panasonic
[2] R1-094763,
“UL DM RS Multiplexing for SU-MIMO”
Texas Instruments

[3] R1-094785,
“Consideration on DM-RS design for UL SU-MIMO in LTE-A”.
LG Electronics

[4] R1-094855,
“Uplink DM-RS for LTE-A”,
Motorola

[5] R1-094911,
“UL RS Enhancement for LTE-Advanced”,NTT DOCOMO
[6] R1-094651,
"Performance of uplink  MU-MIMO with enhanced demodulation  reference signal structure”, Nokia Siemens Networks, Nokia

_1267363971.unknown

_1324385609.unknown

