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1 Introduction

In RAN1#56, two types of reference signals (RS) were defined for the advanced downlink features of LTE-A such as 8Tx spatial multiplexing, DL COMP, and advanced MU-MIMO [1]:

· Demodulation-RS (RS targeting PDSCH demodulation): UE-specific and precoded
· CSI-RS (RS targeting CSI estimation): cell-specific and not precoded
At the same time, the Rel-8 cell-specific RS (CRS) is present even in MBSFN subframes and hence can be used for measuring the CSI of systems with 1/2/4 antenna ports. This issue was discussed, e.g. in [2] which led to the partially agreed way forward in [3]. As a baseline, it was agreed that CSI measurements within a particular single-cell are not to be done with a mixture of Rel-8 CRS and LTE-A CSI-RS. For different scenarios, however, the RS used for CSI measurement still remains to be decided. This contribution attempts to address this particular issue. 
2 Discussion
In this section, we discuss several issues related to the CSI measurements using the Rel-8 CRS and Rel-10 CSI-RS.

2.1 Target Application/Usage
The DL RS framework that was agreed in [1] is intended only to support the new Rel-10 MIMO features, i.e. 8Tx spatial multiplexing (single-cell SU-MIMO), DL COMP, and advanced MU-MIMO. 
· At the same time, the demodulation UE-specific RS is specified in terms of the number of layers. Hence, the RAN1 specification does not (and to some extent cannot) preclude its use for any antenna configuration. For instance, the use of UE-specific RS in combination with 2Tx or 4Tx spatial multiplexing (SM) – while not perceived as the initial intention – is not precluded. It is yet possible to (de)prioritize some particular combinations of features using UE capabilities. That is, the use of UE-specific RS in combination with 2Tx and 4Tx single-cell SM should not be one of the important factors in deciding the overall RS design framework.
· Rel-8 E-UTRA includes the support for 2Tx and 4Tx single-cell SM which uses the Rel-8 CRS for both demodulation and CSI measurements. It is then natural to simply reuse such Rel-8 features for backwards compatibility – unless, of course, the Rel-8 solution is broken. 
· Having stated the above fact, optimizing the design of CSI-RS for the feature combinations that are not initially prioritized does not seem warranted. Such combinations include the use of UE-specific RS for 2Tx and 4Tx single-cell SM. An example of such optimization is overhead optimization, which may lead to an increase in the possible number of configurations. 
2.2 Feature Transparency
The new Rel-10 MIMO features needs to be configured and hence non-transparent as transmission modes and/or UE reporting modes. While the use of UE-specific RS enables transparency in terms of the precoding operation, it does not imply transparency in terms of transmission/reporting mode.
· DL COMP requires the network to configure a UE for the reporting COMP set. By looking into the reporting COMP set, the UE may infer whether it receives a COMP transmission or not. For instance, if the reporting COMP set is of size-1, it is clear that the UE is in a single-cell SM mode. 
· The number of antenna ports is indicated in the PBCH. Hence, the UE can differentiate between 2Tx, 4Tx, and 8Tx single-cell SM.
· Furthermore, MU-MIMO transmission is currently supported as a distinct transmission mode with a special DCI format. It is expected that the same principle follows for advanced MU-MIMO. 
While DL COMP could be a promising feature to fulfill the ITU-R requirements, the exact COMP scheme which may end up being specified is far from clear as the reported gains seem to be under an idealized set of assumptions. In fact, the support for DL COMP in the specification is yet to be seen. It is therefore unclear if a COMP-centric design philosophy for the Rel-10 RS is a good way forward.
2.3 Overhead 
Based on the previous agreement [4], the RS overhead associated with R8 CRS and R10 reference signals is summarized in Table 1. The following can be inferred from Table 1 regarding the support for 2Tx and 4Tx single-cell SM from the perspective of Rel-8 and Rel-10 UEs:

· In the unicast subframes where Rel-8 and Rel-10 transmissions co-exist, Rel-8 CRS needs to be transmitted. Considering the extra 7.5-15% overhead from the Rel-10 RS (CSI-RS + DRS), using the Rel-10 RS for 2Tx and 4Tx single-cell SM transmission does not seem justifiable even for Rel-10 UEs. Doing so would leave the remaining MIMO gain marginal. 
· One could argue that the additional overhead can be compensated if some of the Rel-8 CRS can be turned-off (see, e.g. [2]). For instance, only 1 antenna port Rel-8 CRS is transmitted for the 4Tx single-cell SM transmission. This, however, puts an artificial restriction to the Rel-8 UEs as the Rel-8 UEs cannot benefit from 4Tx SM regardless of their capabilities – rendering the Rel-8 UEs at an unfair disadvantage relative to the Rel-10 UEs.  
· MBSFN subframes can also be used for Rel-10-only transmission. According to the Rel-8 specification, MBSFN subframes still need to carry the Rel-8 CRS within the first 1 or 2 OFDM symbols. In this case, the Rel-8 CRS can still be used for CSI measurements in conjunction with the use of Rel-10 UE-specific RS for demodulation. This does not require the eNB to transmit any Rel-10 CSI-RS. 
· One could argue that allowing the eNB to turn off some of the Rel-8 CRS in conjunction to using the Rel-10 CSI-RS results in lower overhead. However, it can be inferred from Table 1 that the overhead saving is 0.9% for 2Tx (with only 1 antenna port CRS on) and 0.7% (with 2-port CRS on) - 1.9% (with only 1-port CRS on) for 4Tx. This marginal saving, however, comes at the expense of DL control channel coverage due to the reduced Tx diversity gain. It should also be noted that this overhead is already included in the 2-symbol DL control overhead incurred in the MBSFN subframes. Therefore – strictly speaking – there is no extra overhead.
· One could also argue that the additional overhead of Rel-10 CSI-RS is so marginal that it can still be transmitted and used for the CSI measurements of 2Tx/4Tx single-cell SM transmission even without turning off any of the Rel-8 CRS. While the extra overhead is small, this seems unnecessary if the Rel-8 CRS can be used. In addition, CSI-RS may not be available in all the MBSFN subframes due to its sparseness in time. Potentially, this introduces some unnecessary latency in CSI measurements compared to the other alternative. 

For the transmission of Rel-10 MIMO features (8Tx single-cell SM, DL COMP, advanced MU-MIMO), Rel-10 CSI-RS is needed for CSI measurements. In this case, one may argue that turning off some of the Rel-8 CRS allows some overhead reduction of 1.19 – 2.38% at best (again, a portion of this overhead is incurred inside the DL control region). While this may seem attractive, such saving is still marginal compared to the potential loss of DL control coverage due to the reduced Tx diversity gain.

The above discussion assumes transmissions on backwards compatible component carriers. While “anything is possible” for non-backwards compatible carriers, it is still unclear if such arrangement is supported. Hence, it is premature to take this potential factor into account in our design paradigm.
Table 1. Measurement RS overhead – assuming normal CP
	No. antenna ports
	R8 CRS
	R10 CSI-RS
	R10 Demod-RS

	
	Unicast subframes
	MBSFN subframes
	
	

	1
	4.76%
	1.19%
	0.12%
	7.14%

	2
	9.52%
	2.38%
	0.24%
	7.14%

	4
	14.29%
	3.57%
	0.48%
	Rank1/2: 7.14%
Rank3/4: 14.28%

	8
	n/a
	n/a
	0.96%
	Rank1/2: 7.14%

Rank3/4/5/6/7/8:14.28% 


2.4 Recommendation on CSI Measurements 

Based on the above analysis, our recommendation for single-cell SM is summarized in Table 2 (following the format used in [2]). Essentially, only Rel-8 CRS is used for CSI measurements in case of 2Tx and 4Tx single-cell SM. 
For 8Tx single-cell SM (as well as for other Rel-10 MIMO features such as DL COMP and advanced MU-MIMO), Rel-8 CRS for all the 4 antenna ports are transmitted (regardless whether the subframes are unicast or MBSFN). The reasons are as follows:

· While it is possible to support all possible configurations for this case (in terms of the number of CRS), choosing one particular number helps minimize the number of possible configurations. 
· Presumably, all LTE-compliant UEs can receive 4Tx transmission (e.g. UE category 1 can receive a 4Tx single-layer transmission). While the benefit of 4Tx transmission in terms of DL control coverage (over 2Tx) may be modest, 4Tx transmission may still be desirable for data whenever it is available despite the extra CRS overhead.  
· Analogous to the discussion in Section 2.3, restricting the number of CRS below 4 imposes an artificial restriction on the Rel.8 UEs. The Rel-8 UEs are void the benefit of receiving 4Tx transmission despite the eNB utilizing 8 transmit antennas for Rel-10. Considering the benefit of 4Tx transmission (especially spatial multiplexing), this seems unfair to Rel-8 UEs since the main reason for such is to optimize the overhead for Rel-10 transmission (e.g. to ensure a peak spectral efficiency of 30bps/Hz is achieved). 
Table 2. RS for CSI measurements for Rel-10 UEs single-cell SM
	
	No. antenna ports = 1
	No. antenna ports = 2
	No. antenna ports = 4
	No. antenna ports = 8

	NR8 CRS = 1
	1 Rel-8 CRS
	-
	-
	-

	NR8 CRS = 2
	-
	2 Rel-8 CRS
	-
	-

	NR8 CRS = 4
	-
	-
	4 Rel-8 CRS
	8 Rel-10 CSI RS


3 Conclusions
In this document, the issue of CSI measurements was discussed in the context of downlink reference signals. Based on some analysis on the target usage of Rel-10 CSI-RS and DRS, feature transparency in Rel-10, and the potential overhead optimization, our recommendation is summarized in Table 1 (replicated below for convenience). 

	
	No. antenna ports = 1
	No. antenna ports = 2
	No. antenna ports = 4
	No. antenna ports = 8

	NR8 CRS = 1
	1 Rel-8 CRS
	-
	-
	-

	NR8 CRS = 2
	-
	2 Rel-8 CRS
	-
	-

	NR8 CRS = 4
	-
	-
	4 Rel-8 CRS
	8 Rel-10 CSI RS
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