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1 Introduction
In RAN1#80bis, the following conclusion has been made regarding non-precoded CSI-RS.
· Companies are encouraged to provide analysis/evaluation results and detailed design proposals, whose observation(s) may or may not be included in the TR.
· Example issues of encouragement in RAN1 #81 meeting are as follows

· Issues to be studied, depending on a CSI feedback scheme, e.g.,

· For non-precoded CSI-RS  based schemes,

· CSI-RS coverage aspects related to CSI-RS reuse pattern

· CSI-RS coverage aspects related to CSI-RS power boosting

· Impairments related to TDM of REs from >2 OFDM symbols, e.g., phase drifting
· Codebook design

· Study ways to support more than 8 CSI-RS ports

This contribution provides detailed analysis of these issues identified in the RAN1#80bis.
2 16-port CSI-RS Mapping
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Figure 1 CSI-RS EPRE for an antenna port
In Rel-10 CSI-RS design discussion, full-power utilization (per TXRU per OFDM symbol) was identified as one of the important design criteria. In order to achieve full power utilization with FDM based CSI-RS RE mapping, CSI-RS power may need to be boosted relative to PDSCH. This is because neither PDSCH nor CSI-RS can be transmitted on some REs, and PDSCH power should remain the same as those in other OFDM symbols without CSI-RS. This CSI-RS power boosting is sometimes called natural power boosting as illustrated in Figure 1. In Rel-10 CSI-RS mapping pattern, four CSI-RS are FDM’ed, and hence, the CSI-RS EPRE is 4x larger (or 6dB) than PDSCH EPRE. To multiplex 8-port CSI-RS, one option is to FDM 8port CSI-RS in each OFDM symbol, in which case full power can be utilized and CSI-RS is naturally 9 dB boosted. However, 9 dB boosting may introduce severe inter-modulation distortion, which results in large noise floor on data REs, as confirmed by RAN4. Based upon this discussion, RAN1 has decided to use a mixture of CDM-T and FDM to map 8-port CSI-RS; that is, two-port CSI-RSs are CDM’ed in time domain using a length-2 Walsh cover, and four-port CSI-RSs are FDM’ed.
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Figure 2 Legacy RS mapping pattern per PRB pair

Figure 2 shows the legacy RS RE mapping pattern, where 40 REs are used for mapping CSI-RS per PRB pair. As for 16 port CSI-RS, the RS can be mapped onto REs on each PRB pair with maintaining density of 1 RE/RB/port, with selecting 16 REs out of those 40 CSI-RS REs. 

If full-power utilization without severe inter-modulation distortion to PDSCH data is considered important in RAN1, at least two different CSI-RS mapping alternatives are suitable for full-port CSI-RS mapping:

· Alt 1: Use FDM and CDM-T with length-4 Walsh covers
· Full-power utilization with 6 dB natural boosting can be maintained similarly to Rel-10 CSI-RS

· Length-4 Walsh covers can be applied across four REs in four distinct OFDM symbols with CSI-RS
· Alt 2: Use OFDM symbols 2 and 3 in slot 1 only for CSI-RS mapping

· Full-power can be utilized for CSI-RS with more than 6 dB natural boosting

· It may be extended to more than 16-port CSI-RS mapping

On the other hand, it has been found during Rel-10 discussions that the performance loss in reducing CSI-RS density, e.g., from 2 to 1, is only marginal [1]

 REF _Ref418500461 \r \h 
[2]. This implies that the performance loss due to power reduction will also be marginal. As discussed in [1], CSI estimation is performed with channel estimates on CSI-RS REs only, in which case CSI-RS density is less important. Hence, it is unclear whether full-power utilization is a critical design criterion for CSI-RS RE mapping pattern with large numbers of ports. 

Observation:
· Since CSI-RS power does not seem to play an important role for link adaptation performance [1]
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 \* MERGEFORMAT [2], it is unclear whether full-power utilization is  a critical design criteria.

· If full-power utilization without severe inter-modulation distortion to data REs is considered important for CSI-RS pattern design, at least two alternatives can be considered for 16 port CSI-RS mapping. 

· Alt 1: Use FDM and CDM-T with length-4 Walsh covers
· Alt 2: Use OFDM symbols 2 and 3 in slot 1 only for CSI-RS mapping
3 32 or 64-port CSI-RS mapping
Table 1 CSI-RS overhead with 5msec duty cycle

	
	8 CSI-RS
	16 CSI-RS
	32 CSI-RS
	64 CSI-RS

	Overhead (%)
	1.0% (=8/12/14)
	1.9%
	3.8%
	7.6%


Under the assumption that the same CSI-RS density (1 RE/port/PRB pair) is kept for FD-MIMO CSI-RS, the CSI-RS overhead will linearly scale with the number of TXRUs, 
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, as illustrated in Table 1. In addition, it seems that per-RB CSI-RS mapping with the 1 RE/port/PRB pair CSI-RS density gives challenges, especially when considering mapping of full-port CSI-RS with large [image: image4.wmf]TXRU
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=32 or 64. 

· Issues with 
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: The total number of CSI-RS REs per PRB is 40 in the current specification, and hence it is not possible to map 64 CSI-RS per PRB unless another possible RE locations for CSI-RS mapping are defined. This, however, looks quite challenging given the current RS mapping pattern (Figure 2). 
· Issues with 
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: 32-port CSI-RS may be mapped onto 32 CSI-RS REs out of 40 CSI-RS REs defined in the legacy specification. Potential issues of this approach are as follows:
· Only 8 CSI-RS REs are left for multiplexing other CSI-RS, CSI-IM, etc.
· In case all 40 CSI-RS REs are used for 32-port CSI-RS mapping and other CSI-RS/CSI-IM mapping, the number of available PDSCH REs are only 64 (under the assumption that 4 CRS are configured and 3 OFDM symbols are used for PDCCH). 
· Subframes with this type of CSI-RS are practically unusable for Rel-8/9 users, owing to severe PDSCH puncturing. 
· Full-power utilization per TXRU is not possible with mapping 32-port CSI-RS in different OFDM symbols. 

One possibility to resolve these issues would be to reduce the CSI-RS density per port per PRB < 1. However, this may also results in other issues such as increased PMI quantization error due to larger frequency spacing among different-port CSI-RS, the impact of which requires more study at this moment. 
Partial-port CSI-RS may be able to resolve some of these issues as the total number of CSI-RS with H/V decomposition is at most 16 (=8+8), which can be relatively easily mapped onto PRBs with keeping the current CSI-RS density of 1 RE/port/PRB pair. However, this comes at the expense of some additional specification on CQI calculation as explained in [3].
Observation: Potential issues with full-port CSI-RS mapping for 32 or 64 port CSI-RS if 1RE/port/PRB pair density is to be kept, are:
· High CSI-RS overhead

· Difficult to multiplex with other CSI-RS and CSI-IM in the same subframe

· Those CSI-RS subframes being unusable by Rel-8/9 users

· Not possible to utilize full TXRU power (which may or may not be important)

Considering relatively large performance gain of supporting 32 and 64 TXRUs relative to 16 TXRUs [4], it would be beneficial to support 32 and 64 TXRUs in the standards specifications as well as 16 TXRUs. However, support of 32/64-port non-precoded CSI-RS does not seem to be straightforward. In case of full-port CSI-RS, the feedback design seems to be rather straightforward, but it poses more challenges in CSI-RS mapping; and it does not seem to be easily extendable when the number of TXRUs further increases in future releases. In case of partial-port CSI-RS, CSI-RS mapping seems to be straightforward, but feedback design seems to require slightly more specification efforts. 

Considering the overall tradeoff, we propose the following:

Proposal: Study alternatives to resolve these CSI-RS mapping issues for >16 TXRUs, including 
· Reduce CSI-RS density <1 RE/PRB/port

· Spatially sampled CSI-RS, e.g., H/V-partitioned CSI-RS
4 Conclusion
This contribution has studied issues arising with full-port non-precoded CSI-RS mapping, and made the following observations and a proposal.
Observation:
· Since CSI-RS power does not seem to play an important role for link adaptation performance [1]
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 \* MERGEFORMAT [2], it is unclear whether full-power utilization is  a critical design criteria.

· If full-power utilization without severe inter-modulation distortion to data REs is considered important for CSI-RS pattern design, at least two alternatives can be considered for 16 port CSI-RS mapping. 

· Alt 1: Use FDM and CDM-T with length-4 Walsh covers
· Alt 2: Use OFDM symbols 2 and 3 in slot 1 only for CSI-RS mapping
Observation: Potential issues with full-port CSI-RS mapping for 32 or 64 port CSI-RS if 1RE/port/PRB pair density is to be kept, are:

· High CSI-RS overhead

· Difficult to multiplex with other CSI-RS and CSI-IM in the same subframe

· Those CSI-RS subframes being unusable by Rel-8/9 users

· Not possible to utilize full TXRU power (which may or may not be important)

Proposal: Study alternatives to resolve these CSI-RS mapping issues for >16 TXRUs, including 

· Reduce CSI-RS density <1 RE/PRB/port

· Spatially sampled CSI-RS, e.g., H/V-partitioned CSI-RS
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