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1. Introduction
This document outlines our views regarding the remaining aspects of CSI-RS for Rel-10 namely a) handling of orphan REs by a UE configured for transmit diversity (TM-2) and b) whether or not the same CSI-RS sequences are applied to different antenna ports.

2. Usage of CSI-RS with Transmission Mode 2

With CSI-RS transmissions on subframes carrying DL-SCH for a UE configured for TM-2, the CDM-T multiplexed CSI-RS REs may occupy resources that would be other wise used for SFBC pairing during Alamouti encoding [2]. As a result, the number of available resources on a single OFDM symbol for SFBC pairing may no longer be an odd integer, leaving orphan (unpaired) resource elements, as shown in Table 1. UE implementation and/or performance may be deteriorated if such is the case, especially, if the Alamouti pairing occurs across OFDM symbol boundaries, compromising pipe-lined symbol-wise processing [3].  
Table 1: Orphan resources during CSI-RS transmission in SFBC subframe

	Case
	CRS antenna ports
	CSI-RS antenna ports
	Orphan REs within a PRB due to CSI-RS

	Rel-8 SFBC
	2
	2
	1

	Rel-8 SFBC + FSTD
	4
	2
	3

	Rel-8 SFBC + FSTD
	4
	4
	2


During RAN1 #63, a majority of companies supported not having any specification support (Alt1 below) [1] and hence no performance requirements whilst handling orphan SFBC REs in TM-2 subframes carrying CSI-RS.  The intent behind Alt1 was that the orphan RE problem can be handled either through a) UE implementation or alternatively b). eNodeB scheduler can anyway avoid occurrence of orphan resources by assigning an even number of resource blocks to the UE of interest.

However, a few companies raised concerns on possible performance deterioration when the UE encounters unpaired resources – if, for example, the UE is scheduled over an odd number of resource blocks – during receive-side processing. It was agreed to defer decision on how to handle orphan REs to RAN1 #63bis to among the following three alternatives (see Figure 1):
Handling of orphan RE:

· Alt-1:  No spec change

· Alt-2:  Rate matching

· Alt-3:  Puncturing

Alt-1 handles orphan RE problem through eNodeB implementation, but imposes scheduling restriction. Since there is no spec change and/or performance requirements specified for Alt1, performance may be deteriorated if the TM-2 transmission is not handled appropriately at eNodeB. Alt3 results in performance degradation. Finally, Alt2, involving rate-matching around orphan resources which is known at the UE, provides identical performance as Alt1 (with a small throughput loss).  In our opinion, either of the alternatives (Alt1 or Alt2) are reasonable solutions.

Proposal 1: Select either Alt-1 (no spec change) or Alt-2 (rate-matching around unpaired REs) for handling unpaired REs during CSI-RS transmission in SFBC subframes.

[image: image1]
Figure 1: Schemes for handling unpaired REs during SFBC subframes carrying CSI-RS.
3. CSI-RS sequence design

As per [2], the CSI-RS sequence reuses the CRS sequence with the exception that its length is half that of the CRS sequence.  The remaining issue is whether the CSI-RS sequence is whether or not the CSI-RS sequence is applied identically across all antenna ports. We do not envisage any performance advantage obtained in case the CSI-RS sequence is varied across different antenna ports. For simplicity, and noting that channels from different transmit antennas are dimensionally separated using CDM OCC-2 code, we recommend identical sequence generation for all CSI-RS antenna ports {15, 16... 22}.

Proposal 2: Same reference sequence is applied across all antenna ports during CSI-RS sequence generation.
4. Conclusions
Proposal 1: Select either Alt-1 (no spec change) or Alt-2 (rate-matching around unpaired REs) for handling unpaired REs during CSI-RS transmission in SFBC subframes.

Proposal 2: Same reference sequence is applied across all antenna ports during CSI-RS sequence generation.
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