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1 Introduction
In this contribution, we discuss the remaining specification details for CSI-RS:

· Handling of orphan REs with TxD transmission in subframes with CSI-RS

· Whether the same or different sequences are applied to different CSI-RS ports

· Whether muting can be configured in a cell without CSI-RS

2 Handling of orphan REs with TxD transmission in subframes with CSI-RS

When CSI-RS and/or PDSCH muting are configured, it may happen that in some subframes there is an odd number of REs in each PRB within one OFDM symbol. If a PDSCH allocation with SFBC is scheduled, some orphan RE will appear on the last subcarrier of the allocated resource, therefore preventing the transmission of an SFBC pair. At RAN1#63, three alternatives have been identified to handle this problem [1]. All three alternatives can be defined for any number of CSI-RS ports and for SFBC as well as SFBC-FSTD. Figure 1 illustrates the three alternatives for the case of two CSI-RS ports and SFBC. Note that depending on the CSI-RS configuration, it may be unavoidable to split some SFBC pairs for all three alternatives as shown for the pair (s1, s2). We discuss the pros and cons of these alternatives below.

Alt-1:  No spec change

Mapping of modulated symbols to REs follows the rules in the specifications, i.e. mapping within one OFDM symbol in increasing order of subcarrier index within the allocation, then moving to the next subcarrier once the last subcarrier is reached. Mapping of SFBC symbol pairs is oblivious to the boundary between two OFDM symbols. The SFBC symbol pair that is separated by the allocated bandwidth will not be decoded successfully by a conventional SFBC decoder. The FEC may be able to correct this error in some cases. 

Alt-2:  Rate matching

In comparison with Alt-1, the packet size is reduced by one SFBC pair while all SFBC pairs are guaranteed a reasonable frequency separation. The target packet error rate could be maintained without any special effort for adjusting the MCS at the eNB. The rate matching operation is already supported at the eNB and UE. In order to support Alt-2, rate matching would need to be performed around the last subcarrier in the allocation, which corresponds to a valid 2-port CSI-RS configuration. So even though Alt-2 incurs some small specification change, is it in fact supported by implementation of Rel-10 eNB and UE.

Alt-3: Puncturing

In comparison with Alt-1, the packet size is increased by two symbols, but two SFBC pairs ({11,12} and {23,24}) each have only one RE available for transmission of the two symbols. The UE would need to decode these symbols as if they were transmitted by two layers spatial multiplexing. It is likely that in most cases either the small rank of the channel or the low SNR would not allow the UE to successfully decode these two truncated SFBC pairs. Performance degradation of Alt-3 is expected to be the most severe among all three alternatives. Alt-3 would also need two types of receivers to operate for demodulating a single allocation, which is highly undesirable.
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Alt2: rate matching
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Alt3: puncturing
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Figure 1: Alternatives for handling orphan REs in case of 2 CSI-RS ports and SFBC

We evaluated the performance of 2(2 SFBC with Alt-1 and Alt-2. Figure 2 shows the performance with a conventional receiver that assumes a constant channel over each SFBC pair of REs. The same encoded payload is transmitted for both alternatives, which results in a higher coding rate for Alt-1. Simulation assumptions are given in Table 1. Alt-1 is slightly worse with a conventional receiver, but the difference between the two alternatives at 1% BLER is only about 0.1 dB. Alt-1 thus appears to be an attractive solution to the problem of orphan RE with SFBC transmission in a subframe with CSI-RS without specification change and without impact on eNB and UE implementations. 

Proposal 1 (Alt-1): No specification change is needed to handle the potential orphan RE on the lowest/highest subcarrier in the allocation when TxD is scheduled in a subframe with CSI-RS and/or PDSCH muting. TxD data mapping is performed as in Rel-8.

Table 1: Link level simulation assumptions

	Transmission Bandwidth
	5 MHz

	Antenna configuration
	2 Tx, 2 Rx

	Channel model, UE velocity,
	TU – 30 km/h

	PDCCH length
	3 OFDM symbols

	CRS configuration
	port 0,1

	CSI-RS configuration
	port 15,16, 
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	Channel estimation for demodulation
	2-D MMSE on CRS

	Receiver
	MRC/MMSE

	Allocated Resource
	3 contiguous resource blocks

	Modulation, code rates
	QPSK/16QAM

	payload
	330bits/684bit
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Figure 2: Conventional SFBC receiver
3 Initialization of CSI-RS sequence

It has been agreed at RAN1#63 that the CSI-RS sequence is defined in a similar manner as the CRS sequence, with the exception that its length is half that of the CRS sequence. It is FFS whether the same or different sequences are applied to different ports. In Rel-8, the same sequence is applied to different CRS ports. In Rel-10, the same sequence is applied to different DMRS ports, which have the same dimensioning as the CSI-RS (up to 8 layers with length-2 orthogonal cover code). Considering that the interference environment of CSI-RS is not fundamentally different than for CRS and DMRS, and it may in fact be less severe if PDSCH muting is enabled, we do not see a reason to complicate the specification with different sequences per CSI-RS port. It is unclear what the usage and benefit of applying different sequences per CSI-RS port may be.

Proposal 2: The same sequence is applied to different CSI-RS ports.
4 PDSCH Muting

It was agreed by email after RAN1#63 that muted REs can be located in subframes either with or without CSI-RS, and that the subframe offset and duty cycle of the muted REs is indicated by a parameter separate from the parameter indicating the subframe offset and duty cycle of the CSI-RS. Some companies have requested additional discussion on whether muting can be configured in a cell without CSI-RS.

It is clear from the current agreements that muting can be configured independently from the CSI-RS, so muting can be configured when CSI-RS are not configured as an eNB implementation choice. For a cell not to configure CSI-RS, the assumption is that there are no Rel-10 UEs configured in transmission mode 9 and that UEs in neighbour cells are not measuring the CSI-RS of this cell (e.g. there is no CoMP operation).

Being able to configure muted REs when CSI-RS are not configured in a cell (e.g. a macrocell without Rel-10 UEs configured in transmission mode 9) would allow that cell to help the channel estimation on the CSI-RS in a victim cell (e.g. a picocell with Rel-10 UEs). 

Note that from the legacy and Rel-10 UEs viewpoint, configuring CSI-RS only, muted REs without CSI-RS, or muted REs and CSI-RS has a similar impact on performance and requires the same behaviour (rate matching for Rel-10 UEs). Therefore, adding a restriction that muting can only be configured when CSI-RS are configured would just result in more complexity in the specifications.

Observation: PDSCH muting (zero power CSI-RS) can be configured in a cell independently from the (non-zero power) CSI-RS.

5 Conclusion

In this contribution, remaining details for signalling CSI-RS and muting were discussed. It was observed that there is no need to include additional restrictions on the configuration of CSI-RS and PDSCH muting. 
Furthermore, the following are proposed:
· No specification change is needed to handle the potential orphan RE on the lowest/highest subcarrier in the allocation when TxD is scheduled in a subframe with CSI-RS and/or PDSCH muting. TxD data mapping is performed as in Rel-8 (alternative 1).

· The same sequence is applied to different CSI-RS ports.
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