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1 Introduction

In RAN1#52, the pattern for UE-specific reference symbols was defined for both FS1 and FS2 [1]. It was also confirmed that CQI estimation is always based on the common RS. A number of other details of the UE-specific reference symbols were agreed in RAN1#50bis. These included:

· In the case when UE-specific reference symbols are configured for a UE:

1. The UE needs to use a maximum of 2 common RS, corresponding to the first two antenna ports

2. Common reference symbols are the phase reference for PDCCH

3. FFS: Only the common reference signal corresponding to the first antenna port is used for deriving CQI

In this document we discuss points 1 and 3 above. 

2 Number of common RS

The assumption that a UE which is configured with UE-specific RS does not need to use more than 2 common RS is intended to limit the amount of processing which has to be done by a UE configured with UE-specific RS.

2.1 Effect on UEs which are not configured with UE-specific RS

One open question is whether this means that UEs which are not configured with UE-specific RS can receive data from 4 antennas (either by SFBC or with SU-MIMO). 

We first consider the control channels:

· The number of antennas used for P-BCH is determined by blind decoding of the P-BCH. 

· It was agreed at RAN1#50bis that the PCFICH/PDCCH/PHICH is transmitted on the same set of antenna ports as the PBCH, i.e., if N antenna ports are used for the PBCH, N antenna ports are used for L1/L2 control signaling.

· Therefore the same number of antenna ports has to be used for PCFICH/PDCCH/PHICH in every subframe and for every UE. 

· Therefore the current assumptions imply that if the UEs configured with UE-specific RS are to use a maximum of two common RS, then the PCFICH/PDCCH/PHICH for all UEs in all subframes has to use a maximum of two antenna ports.

Next we consider the PDSCH:

If 4 antenna ports are to be used for the PDSCH for UEs which are not configured with UE-specific RS, then common RS from 4 antenna ports need to be available, even if they are not used as phase reference for the control channels. 

This would imply that the existence of the 3rd and 4th common RS is not necessarily related to the phase reference for the PCFICH/PDCCH/PHICH – i.e. the REs corresponding to the 3rd and 4th antenna ports would not be used for PCFICH/PDCCH/PHICH transmission, but might also not be used for channel estimation for the PCFICH/PDCCH/PHICH decoding. 

If such an arrangement was used, all UEs in the cell would need to know about it, in order to decode the PCFICH/PDCCH/PHICH (unless the PCFICH/PDCCH/PHICH uses only 1 OFDM symbol). It would not be desirable to double the number of blind decodes of the PDCCH, so some signalling would need to be provided to indicate that the 3rd and 4th common RS were present but were not to be used as phase reference for PCFICH/PDCCH/PHICH.  This signalling could be contained in the first symbol of each subframe, as an extension to the PCFICH, or alternatively transmitted in the P-BCH information. As the presence of the 3rd and 4th common RS is unlikely to change dynamically, one bit on the P-BCH would probably be preferable. 

Therefore we propose that one of the following is agreed for LTE in Rel-8:

Either (1):
PDSCH for all UEs will use a maximum of 2 antenna ports if any UE in a cell is configured for UE-specific RS, unless the PCFICH/PDCCH/PHICH uses only 1 OFDM symbol (the default situation implied by the current agreements), 

Or (2):
Add 1 bit to the P-BCH to allow the eNB to indicate that 3rd and 4th common RS are present even though they are not intended to be used as a reference for PCFICH/PDCCH/PHICH.

Our preference would be for (2), enabling some UEs which are not configured for UE-specific RS to receive PDSCH using 4 antenna ports in the same cell as other UEs which are configured for UE-specific RS, regardless of the number of symbols used by the PCFICH/PDCCH/PHICH. 

2.2 Effect on control channel coverage

Limiting the control channel transmission to 2 antenna ports when UE-specific RS are used for PDSCH means that other methods are needed to increase the coverage of the control channel signalling. 

Different code rates may be used for a given PDCCH or PHICH message size. So the CCE aggregation level for each PDCCH message size could be increased by higher-layer signalling at the time when UE-specific RS are configured for a UE, or it could even be specified that a higher CCE aggregation level is used for PDCCH when UE-specific RS are configured, thus avoiding the need for any additional signalling at all. Either of these methods would avoid increasing the number of blind decodes needed on the PDCCH as a result of reducing the code rate.
This approach may result in the total number of UEs which can be simultaneously scheduled being limited; however, it is more flexible than applying an arbitrary fixed limit, as it allows the total number of scheduled UEs to vary (e.g. depending on the ratio between those configured with UE-specific RS and those not configured with UE-specific RS), as well as allowing the number of control signalling symbols to vary (for example, the control signalling might use only 2 symbols when UE-specific reference symbols are not configured for any UE or only configured for a small number of UEs, while 3 symbols might be used when a larger number of UEs are configured with UE-specific RS). 

3 CQI derivation

One question is whether the number of antenna ports used for deriving CQI should necessarily be the same as the number of antenna ports used for the PCFICH/PDCCH/PHICH. 

We note that for SU-MIMO, it is already possible that CQI is derived based on one antenna (if rank-1 transmission is preferred), while the PCFICH/PDCCH/PHICH may be transmitted from 1, 2 or 4 antenna ports. Moreover, the CQI for SU-MIMO is derived under assumptions about precoding which are not valid for PCFICH/PDCCH/PHICH. Therefore it is clear that CQI cannot be relied on for power control of the PCFICH/PDCCH/PHICH.

Therefore we do not see a fundamental problem with the proposed limitation of one antenna port for CQI derivation when the UE is configured with UE-specific RS. Further, as the amount of data on the PDSCH is typically much higher than the amount of data on the PDCCH, it is more important that the CQI is relevant for the PDSCH than for the PDCCH. 

However, given that a UE configured with UE-specific RS may anyway be using 2 common RS for channel estimation, we do not see a complexity problem with deriving CQI using up to 2 common RS, and this is likely to present a more accurate indication of the channel conditions as well as being more useful for the PDCCH transmission. 

Therefore we propose that, for UEs configured with UE-specific RS, the CQI should be derived using the same number of common RS as are actually used for PCFICH/PDCCH/PHICH. (In practice, this means that if 1 antenna port is used for PDCCH, the UE would derive a CQI value for a hypothetical PDSCH transmitted from just 1 antenna port, while if 2 antenna ports are used for PDCCH, the UE would derive a CQI value for a hypothetical PDSCH transmitted using SFBC from 2 antenna ports.)

4 Conclusions

In this paper we have discussed the implications of the assumption that a UE configured with UE-specific RS needs to use a maximum of 2 common RS, and also the question of which antenna ports should be assumed for CQI derivation when UE-specific RS are configured. 

We have proposed that:

1. One of the following is agreed for LTE in Rel-8:

Either (1):
PDSCH for all UEs will use a maximum of 2 antenna ports if any UE in a cell is configured for UE-specific RS, unless the PCFICH/PDCCH/PHICH uses only 1 OFDM symbol (the default situation implied by the current agreements), 

Or (2):
Add 1 bit to the P-BCH to allow the eNB to indicate that 3rd and 4th common RS are present even though they are not intended to be used as a reference for PCFICH/PDCCH/PHICH.

Our preference would be for (2), enabling some UEs which are not configured for UE-specific RS to receive PDSCH using 4 antenna ports in the same cell as other UEs which are configured for UE-specific RS, regardless of the number of symbols used by the PCFICH/PDCCH/PHICH. 

2. Different code rates should be able to be used for a given PDCCH or PHICH message size. This could be configured by higher-layer signalling at the time when UE-specific RS are configured for a UE (e.g. for PDCCH by changing the configuration of the blind decoding search space), or this could be specified by default for the case of UE-specific RS being configured.

3. For UEs configured with UE-specific RS, the CQI should be derived using the same number of common RS as are actually used for PCFICH/PDCCH/PHICH.
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