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1 Introduction
During RAN1#62bis meeting it has been agreed that [1]:

· Take the initial PDCCH-based OCC/CS table in R1-105747 as working assumption. 

· The following part could be revisited if there is consensus that  PHICH collision issue is not relevant

· Whether or not to have a revised table that allows up to 2 rows can supports OCC switching from layer 1 to layer 2

· FFS whether to allow switching between the above table and the above-mentioned revised table that supports OCC switching 

· Initial PDCCH-based OCC/CS mapping table  (copied from R1-105747)

· The mapping of CSI to nOCC,0 is 
· [1 1] for CSI={000,011,100,111} 
· [1 -1] for CSI={001,010,101,110} 
· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO
· For the following 4 CSI values {000,001,010,111}: nOCC,k= nOCC,0  for k=1 and nOCC,k=1-nOCC,0 for k=2,3
· For the remaining 4 CSI values {011,100,101,110}: nOCC,k= nOCC,0  for k=1,2,3
· Use the following mapping table (Table 1):
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In this contribution, we discuss the possibility of revising Table 1 in order to accommodate DMRS patterns where OCC is alternating between the first two layers.
2 Remaining details in UL-DMRS design

During RAN1#62bis meeting in Xi’ An good progress was achieved on UL-DMRS by agreeing on the DMRS mapping for Rel-10. The agreed solution provides wide flexibility for scheduling and optimized performance for SU/MU-MIMO. However, it is FFS if further optimization is to be introduced for rank-2 SU-MIMO by alternating OCC between the first two layers. In the following we analyze advantages and drawbacks of such optimization.
The main drawback associated to supporting OCC for rank-2 is that it would restrict scheduling flexibility in case of MU-MIMO. The main consequence is enhanced probability for PHICH collisions, as PHICH allocation is a function of the CSI index for DMRS and reserving some CSI values for specific SU-MIMO configurations reduces the freedom in the assignment. The implications of such a restriction have been analyzed in [2] in the context of MU-MIMO and carrier aggregation and in [3] with a thorough analysis for SU-MIMO and various allocation sizes. Both analyses in [2] and [3] conclude that reserving some CSI values for rank-2 SU-MIMO affects to a certain extent scheduling flexibility.

The advantage of alternating OCC between the first two layers is improved orthogonality between DMRS for SU-MIMO rank-2 UE. It has already been observed that such an improvement is only achievable at low speed and very dispersive channels (such as ETU) while no meaningful improvement in channel estimation is achieved by OCC for other propagation scenarios. Some contributions [4] show that for rank-2 CS separation is sufficiently wide to guarantee good DMRS orthogonality, thus making OCC gains intangible. Other contributions [5] show that for specific iterative receiver implementations that are sensitive to channel estimation errors (e.g., Turbo-SIC) OCC provides some BLER/throughput gain even for SU-MIMO rank-2. 
In order to confirm these observations we provide simulation results in Figure 1 for the throughput gain achieved by OCC for ETU channels for both MMSE and Turbo-SIC receivers and rank-2 SU-MIMO. A fixed transport format with rather high code-rate (0.75) and modulation (64QAM) is considered, nevertheless being aware that gains for OCC on a system level are likely to be smaller than in the considered OCC-friendly setting. Full simulation assumptions are reported in the Appendix.
Figure 1: Throughput comparison for SU-MIMO rank-2 with (continuous blue) and w/o OCC (dashed red), for MMSE Turbo-SIC receivers.
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According to Figure 1, no meaningful performance gain is achieved by OCC for rank-2 in case of MMSE or Turbo-SIC receiver. Based on this result it appears that the DMRS table as agreed in [1] is an efficient solution and introducing DMRS patterns for rank-2 does not appear to be sufficiently justified.
Proposal

· Keep the DMRS mapping table as in the agreement [1].
3 Dynamic switching of OCC mapping for rank-2
Some companies have expressed strong interest in order to support OCC for rank-2 SU-MIMO during recent RAN1 meetings. However, such a possibility seems to fail providing any performance gain according to the results in Figure 1. On the contrary, modifying the agreed DMRS table implies obvious and proved restrictions and complications in scheduling [2][3]. Therefore, in case other companies agree on the need to support OCC for rank-2 SU-MIMO, it should be introduced in a way that avoids the aforementioned drawbacks.

3.1 DMRS pattern selection linked to higher layer signaling
A potential solution to the above problem was proposed in [6] and it consists of linking different DMRS patterns to higher layer signaling (e.g., the 
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 parameter). However, in our view, the proposal in [6] fails to solve the fundamental problem of scheduling restrictions while it introduces significant changes in the spec that are not justified by any performance gain. In particular, linking the DMRS pattern selection to higher layer signaling fails to capture the dynamic of scheduling allocations and it is thus unable to ease PHICH collision problems. Furthermore, it is already captured in the agreement [1] and in the CRs to the spec [7] that the OCC patterns are defined as functions of the CSI only. Introducing an additional dependency of OCC patterns on 
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 would require the definition of additional DMRS patterns, since 12 OCC patterns should then be supported in the spec. Table 1 in [1] should then be rewritten as a function of CSI and 
[image: image5.wmf])

1

(

DMRS

n

, even though such a function is still to be defined and agreed. It should also be remarked that the parameter 
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 was originally introduced to allow a shift of DMRS patterns and exploitation of all possible 12 CS values. However, such a design principle is incompatible with linking the OCC allocation to 
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. Based on the above observations, we believe that linking OCC patterns (or DMRS tables) to higher-layer signals should be avoided.
Proposal

· Avoid linking OCC mapping to higher-layer parameters (such as 
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3.2 Dynamic DMRS pattern selection 
An alternative solution is to employ the agreed DMRS table [1] as the default solution and switch to a modified table with support to rank-2 OCC only in case of PDCCH/PHICH-triggered rank-2 (re)transmissions. Such a solution allows exploiting rank-2 patterns only when potentially useful (i.e., rank-2 UEs), while avoiding supporting them for the other UEs. 
The PHICH collision issues pointed out in [2][3] would be eased by this solution and specification and implementation efforts are also deemed to be acceptable.
Therefore, in case other companies agree on introduction of OCC for rank-2 SU-MIMO, such an OCC configuration should be enabled only for UEs scheduled with rank-2 SU-MIMO.
Proposal

· In case other companies agree on the need for OCC for rank-2, enable rank-specific DMRS table switching:
· The default DMRS table is the one agreed in [1].
· Only for rank-2 scheduled UEs use a modified DMRS table where up to 2 CSI values are associated to opposite OCC entries on the first two layers.

4 Summary

In this contribution we have discussed how to configure DMRS for Rel-10 with respect to the FFS bullet in the agreement [1], taking into account performance, flexibility and complexity for SU/MU-MIMO. Based on these considerations, we propose the following:
· Keep the DMRS mapping table as in the agreement [1].

· Avoid linking OCC mapping to higher-layer parameters (such as 
[image: image9.wmf])

1

(

DMRS

n

).
· In case other companies agree on the need for DMRS patterns for rank-2, enable rank-specific DMRS table switching

· The default DMRS table is the one agreed in [1].

· Only for rank-2 scheduled UEs use a modified DMRS table where up to 2 CSI values are associated to opposite OCC entries on the first two layers.
Appendix

Table 1: Simulation parameters for Figure 1.

	Parameter
 
	Value 

	Antenna configuration 
	4×4

	Bandwidth 
	6 RB

	Channel model 
	ExtendedUrbanMacro

ETU

	Antenna correlation (BS,UE) for TU
	(0,0)

	Transport Format
	64QAM, Coderate = 0.75

	Channel code 
	Turbo code 

	HARQ retransmission number 
	1

	Carrier frequency 
	2.0 GHz

	Receiver 
	MMSE/Turbo-SIC

	DMRS estimation 
	Real

	Codeword number 
	2

	Layer number
	2

	Precoding 
	Fixed, 1st in codebook

	UE mobile speed 
	3km/h
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