	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #86-bis	R1-1609024
Lisbon, Portugal, 10th – 14th October 2016
[bookmark: Source]Agenda item:	7.2.2.4
Source: 	Samsung
Title: 	Discussions on CDM-4/-8 for non-precoded CSI-RS
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1#86, the following agreements and working assumption on NP CSI-RS were made:
	Agreements:
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k
· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, at least for CDM-2, Mk is the same for all k 
· FFS whether Mk = 8 is also supported,  and if so, whether Mk is the same or different for different k for CDM-4
· FFS port indexing
· In Rel-14, CDM-2 and CDM-4 is supported. 
· For CDM-2, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs. 
· FFS CDM-4 port numbering

Working Assumption:
· CDM-8 is supported for at least {24,32} port CSI-RS
· FFS CSI-RS aggregation and CDM mapping details
· FFS additional REs other than legacy CSI-RS RE

Agreement: 
At least for Class A NZP CSI-RS with more than 16 CSI-RS ports:
· All ports in a CSI-RS resource are transmitted within the same subframe 
· i.e. CSI-RS overhead reduction is done in the frequency domain
· CSI-RS density d ∈ {1,1/2, and at least one other value <= 1/3} RE/RB/port 
· Other values of d are not precluded (e.g. 2/3, ¾)
· FFS whether different ports in a CSI-RS resource may have different densities
· FFS PDSCH rate matching in the REs in PRBs with no CSI-RS ports within a group  
· Opt-1: comb like transmission
· Opt-2: frequency domain measurement restriction
· FFS the detailed signalling design




In this contribution, remaining details on CDM-4 and CDM-8 are discussed.
Remaining details on CDM patterns for NP CSI-RS
1 
2 
In Rel-12, a CSI-RS port is spread over two adjacent REs in the same subcarrier via CDM-2. Since all CSI-RS ports in a CSI resource should be transmitted in the same OFDM symbols, up to 6dB CSI-RS power boosting can be equally adopted for all CSI-RS ports in a 2-/4-/8-port CSI-RS resource. 
In Rel-13, CDM-4 was newly introduced for 12-/16-port CSI-RS. Although the number of ports in a CSI-RS resource increases in Rel-13, larger spreading factor of CDM-4 makes it possible to support full power utilization via same level of CSI-RS power boosting for Rel-12, i.e. up to 6dB. Rel-13 supports two types of CDM-4 patterns; 1) 4 REs indicated by 4-port CSI-RS configurations, 2) adjacent 4 REs indicated by 8-port CSI-RS configurations. Note that each CDM-4 patterns in Rel-13 are contained the REs indicated by a single CSI-RS configuration.
In Rel-14, it was agreed to support CDM-2 and CDM-4 for {20, 24, 28, 32} port CSI-RS. In addition, we have a working assumption that CDM-8 is supported for at least {24, 32} port CSI-RS. One of the most important aspects of CDM patterns in Rel-14 is whether to extend the CDM patterns into more than two OFDM symbols or not. Figure 1 depicts examples of CDM-4 mapping for 32-port CSI-RS. In Figure 1, each CDM-4 pattern consists of 4 REs marked with same alphabet. In Figure 1(a), each CDM pattern is assumed to be within two adjacent OFDM symbols similar with legacy CDM patterns. On the other hands, each CDM can be distributed within four OFDM symbols in case of Figure 1(b). Figure 1(a) shows that for {28, 32} port CSI-RS, up to 6dB CSI-RS power boosting cannot be equally adopted for all CSI-RS ports with CDM-4. Although the CSI-RS ports transmitted through the REs indicated by the CDM patterns {C, D, …, H} could enjoy high power boosting level larger than 3dB, power boosting for the CSI-RS ports transmitted at the CDM patterns {A, B} should be limited up to 3dB. However, the CDM patterns extended into additional OFDM symbols as given by Figure 1(b) could provide up to 6dB power boosting for all CSI-RS ports. Examples above are easily extended for CDM-8 cases. Consequently, following proposal is made:
Proposal 1: For CDM-4 and CDM-8, a CDM pattern can be extended into four OFDM symbols
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[bookmark: _Ref462926664]Figure 1. Examples of CDM-4 mapping for 32-port CSI-RS: (a) each CDM pattern within two OFDM symbols, (b) each CDM pattern within four OFDM symbols
Aggregation of CDM patterns between different CSI-RS configurations is a natural way to support CDM patterns spread into four OFDM symbols. For the CDM pattern aggregation, multiple different CSI-RS configurations for 4-port or 8-port can be considered. Each four or eight REs indicated by the 4-port or 8-port CSI-RS configuration can be virtually separated into subgroups of two REs according to the legacy CDM-2 patterns. Since the legacy CDM-2 patterns in a single CSI-RS configuration has specific orders according to the CSI-RS port index, each subgroup of the two REs in each CSI-RS configuration can be aggregated accordingly. Figure 2 illustrates an example of CDM aggregation with two of 8-port CSI-RS configurations. As aforementioned, each 8 REs indicated by the first and second CSI-RS configurations can be divided into four subgroups of two REs, i.e. {A1, A2, A3, A4} from the first CSI-RS configuration and {B1, B2, B3, B4} from the second CSI-RS configuration. Based on that, four CDM-4 patterns extended into four OFDM symbols can be made; first one by {A1, B1}, second one by {A2, B2}, third one by {A3, B3}, and fourth one by {A4, B4}. For CDM-8, above example can be simply extended with four of 8-port CSI-RS configurations. 
Proposal 2: CDM patterns can be aggregated by REs from different CSI-RS configurations
· Example 1: Two CDM-2 patterns in the two different 4-port CSI-RS configurations can be aggregated in order to achieve a CDM-4 pattern
· Example 2: Four CDM-2 patterns in the four different 8-port CSI-RS configurations can be aggregated in order to achieve a CDM-8 pattern
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[bookmark: _Ref462930798]Figure 2. An example of CDM aggregation with two of 8-port CSI-RS configurations
Conclusions
3 
This contribution provides Samsung’s views on the specification supports on CDM-4 and CDM-8 for NP CSI-RS in Rel-14. Based on the discussions, the following proposals are made:
Proposal 1: For CDM-4 and CDM-8, a CDM pattern can be extended into four OFDM symbols
Proposal 2: CDM patterns can be aggregated by REs from different CSI-RS configurations
· Example 1: Two CDM-2 patterns in the two different 4-port CSI-RS configurations can be aggregated in order to achieve a CDM-4 pattern
· Example 2: Four CDM-2 patterns in the four different 8-port CSI-RS configurations can be aggregated in order to achieve a CDM-8 pattern
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