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In RAN1#82 meeting, agreements on CSI process were drawn:
Agreements:
· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)
· Note: it is up to RAN2 to design the signaling configuration structure to support the above association
· Maximum value of K is FFS
· Maximum total number of CSI-RS ports in one CSI process 
· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16
· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B
· For the purpose of RRC configuration of CSI-RS resource/configuration
· For CSI reporting Class A, RAN1 will choose one of the alternatives 
· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 
· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)
· FFS on the schemes for aggregation and port indexing
· FFS between fixed or configurable value(s) for Nk
· For CSI reporting class B, FFS for details
· Note: It is possible to extend the value of Nk: in future releases
· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 
· FFS on the QCL on CSI-RS ports

In RAN1#82, following details on 12- and 16-port NZP CSI-RS resources were agreed:
Agreements:
· Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13: 
· CSI-RS density of 1RE/RB/port is maintained
· FFS on lower density
· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources
· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe
· FFS on configuration details
· FFS on CDM length
· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs
· FFS on CSI-RS transmission in DwPTS

In spite of impressive achievements in the last RAN1 meeting, many details on 12-and 16-port CSI-RS configuration and RE mapping should be determined in the remaining two RAN1 meetings for Rel-13. Based on the agreements above, this contribution will discuss remaining details for 12- and 16-port CSI-RS configuration, which are  highlighted with yellow.
RRC configuration of CSI-RS resource/configuration
According to the agreements in the last meeting, RAN1 will choose one of the following alternatives:
· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 
· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

Alt.2 can be considered as a method to configure 12/16 ports CSI-RS for class A CSI reporting for the following reasons:
· Alt.2 secures more flexible CSI-RS resource configuration rather than Alt.1.
· Alt.2 gives more flexibility for ease of blanking/muting/inter-cell interference control. Figure 1 represents possible patterns for 16 ports CSI-RS aggregation based on the legacy 8 port patterns. Although aggregation of legacy 8 port patterns is the worst case from the perspective of flexibility, at most 10 patterns can be provided for 16 ports CSI-RS. Please note that each 16 port pattern has 3 non-overlapped patterns (e.g. in Figure 1, pattern A has pattern B, C, and D). It implies that network may enjoy higher reuse factor in the semi-orthogonal manner
· Flexibility for future FD-MIMO deployment with various and larger numbers of antenna ports, e.g. 10, 14, 20, 32, and 64, etc.

[image: ]
Figure 1 Ten possible patterns for 16 ports CSI-RS aggregated by legacy 8 port patterns

· Alt.2 requires less efforts for CSI-RS pattern optimization 
· In Alt.1, we should discuss how to optimize CSI-RS patterns for 12 and 16 ports under various considerations such as reuse factor, co-existence with legacy CSI-RS patterns, etc. Of course, we believe that there are many solutions for above optimization problem and each solution may have its own advantages for a certain targeted situation. Anyway, most part of CSI-RS pattern optimization can be left for eNB implementation with Alt. 2.
· Alt.2 is more aligned with CSI-RS configuration for class B CSI reporting
· In RAN1#82, there had been plenty of discussions that K>1 CSI-RS resources can be configured in a CSI process and UE can report the index of preferred CSI-RS resource by BI whose bitwidth is related to K. Given the situation that there is high probability of specification enhancement for multiple CSI-RS resource configuration in a CSI process for class B CSI reporting, it would be natural to define how to aggregate the multiple CSI-RS resources for class A CSI reporting.

Proposal 1: A CSI-RS resource for class A CSI reporting should be configured as an aggregation of multiple legacy CSI-RS resources.

CSI-RS configuration parameters within one CSI process
As we discussed in the previous section, K>1 legacy CSI-RS resources can be aggregated to configure 12-/16-ports CSI-RS resource for class A reporting. Since the maximum number of CSI-RS ports for class A reporting is 16 and the minimum granularity of legacy CSI-RS pattern is 2, the maximum number of K should be less than or equal to 8. It is possible to down-select following two options to aggregate 12-/16-port CSI-RS:
· Option 1: 12-/16-port CSI-RS can be aggregated by component CSI-RS resources with same number of ports
· For 12-port CSI-RS, value K and N1,…,NK can be configured as one of the followings
· {K=6, N1=…=NK=2} or {K=3, N1=…=NK=4} or {K=2, N1=…=NK=8}
· For 16-port CSI-RS, value K and N1,…,NK can be configured as one of the followings
· {K=8, N1=…=NK=2} or {K=4, N1=…=NK=4} or {K=2, N1=…=NK=8}
· Option 2: 12-/16-port CSI-RS can be aggregated by component CSI-RS resources with same or different number of ports
· For 12-/16-port CSI-RS, various values of K can be configured, where N1+…+NK=12 or N1+…+NK=16
Under the considerations on various aspects such as configuration flexibility, legacy ZP CSI-RS configuration, and extension of CDM, etc., our preference is option 1. In option 1, component CSI-RS resources can be indicated by length Lp bitmap, where Lp is the number of resource configurations for legacy p-port CSI-RS.

Proposal 2: 12-/16-port CSI-RS can be aggregated by component CSI-RS resources with same number of ports
· For 12-port CSI-RS, value K and N1,…,NK can be configured as {K=6, N1=…=NK=2} or {K=3, N1=…=NK=4} or {K=2, N1=…=NK=8}
· For 16-port CSI-RS, value K and N1,…,NK can be configured as {K=8, N1=…=NK=2} or {K=4, N1=…=NK=4} or {K=2, N1=…=NK=8}

In the current specification, several subordinate parameters such as number of antenna ports, scrambling ID, subframe configuration, and QCL information can be RRC signalled via CSI process configuration or NZP CSI-RS configuration. Given that we can aggregate multiple NZP CSI-RS configurations in a CSI process, configuration of the subordinate parameters should be carefully addressed. In class A CSI reporting, all CSI-RS ports in the K CSI-RS resources are aggregated to generate a single CSI, i.e. N1+…+NK=L. Therefore, motivation to configure multiple subordinate parameters rather than resource configuration is not large at least in the perspective of class A reporting. However, one of possible operation scenarios for class B reporting may require multiple subordinate parameters, e.g. multiple subframe configurations for more flexible NZP CSI-RS resource configuration [1]. In this case, a CSI process for class A reporting may also carry multiple subordinate parameters with some configuration restrictions if we adopt same design criteria for both class A and B. Consequently, following two options can be available to configure subordinate parameters:
· Option A: A CSI process configuration includes a list of multiple NZP CSI-RS configurations. Each NZP CSI-RS configuration contains its own parameters, i.e. number of antenna ports, resource configuration, subframe configuration, scrambling ID, QCL info., etc., as in the Rel-11 NZP CSI-RS configuration. 
· Option B: A CSI process configuration includes a list of multiple resource configurations and a single set of subordinate parameters, such as number of antenna ports, subframe config., scrambling ID, QCL info., etc.
Unless there is any reason to configure exactly same NZP CSI-RS configuration for class A and B CSI reporting, our preference for class A CSI reporting is option B to avoid unintended mismatch between subordinate parameters.
Proposal 2: A CSI process configuration for class A reporting should include:
· A list of multiple resource configurations; and 
· A single set of subordinate parameters, such as number of antenna ports, subframe config., scrambling ID, QCL info., etc.

CSI-RS antenna port numbering and RE mapping for resource aggregation
When the legacy port numbering is extended for the 12 and 16 port CSI-RS mapping, 12-port CSI-RS port numbers will be 15-26, and 16-port CSI-RS port numbers will be 15-30. When the 12- or 16-port CSI-RS resource is constructed by the aggregation of multiple legacy resources, the CSI-RS REs of the aggregated resource should be associated with corresponding number of CSI-RS ports. 
If up to 8-port CSI-RS can be aggregated for the CSI-RS resource, the antenna port numbers of the aggregated resource can be mapped from the antenna port numbers of the component CSI-RS resources, according to Table 1, where it is assumed that n-th component CSI-RS resource is configured with NCSIRS,n ports. For example, if two 8-port CSI-RS are aggregated, REs for antenna ports 15-23 of the first component CSI-RS resource are used to map antenna ports 15-23 of the aggregated CSI-RS resource, and REs for antenna ports 15-23 of the second component CSI-RS resource are used to map antenna ports 24-30 of the aggregated CSI-RS resource. 
[bookmark: _Ref429565535]Table 1 Antenna port numbers after CSI-RS resource aggregation
	Component CSI-RS resource index  n
	Antenna port numbers in the component resource
	Antenna port numbers in the aggregated resource

	1
	15, 16, …, 14 + NCSIRS,1
	15, 16, …, 14 + NCSIRS,1

	2
	15, 16, …, 14 + NCSIRS,2
	


	3
	15, 16, …, 14 + NCSIRS,3
	


	4
	15, 16, …, 14 + NCSIRS,4
	


	5
	15, 16, …, 14 + NCSIRS,5
	


	6
	15, 16, …, 14 + NCSIRS,6
	


	7
	15, 16, …, 14 + NCSIRS,7
	


	8
	15, 16, …, 14 + NCSIRS,8
	




CSI-RS RE mapping
For up to 8-port CSI-RS RE mapping in the legacy releases of LTE, supporting full-power utilization has been one of the important design principles. Rel-10 8-port CSI-RS mapping patterns allows full-power utilization and 6 dB natural power boosting. Full-power utilization is ensured with mapping CSI-RS of all the 8 antenna ports on each OFDM symbol used for CSI-RS mapping; and 6 dB natural power boosting is made possible by adopting CDM-2 across the time domain. 
For FD-MIMO, flexibility and future proofness are important consideration points for CSI-RS RE mapping pattern design, and accordingly Alt 2 has been proposed in Section 2. However, it seems also important that the standards specification allow possibility of full-power utilization and 6 dB natural power boosting. For example, for small-cell scenarios or for scenarios in which individual PAs are powerful that power backoff is not likely of an important consideration, CSI-RS RE mapping relying on resource aggregation (Alt 2) is a good way to go. On the other hand, for macro cell scenarios and for coverage-limited scenarios it would be helpful for the system to achieve the final up-to 3dB power with CSI-RS pattern achieving full-power utilization. Hence, it is proposed that the CDM-4 should be a configurable feature. 
In order for the CSI-RS RE mapping pattern to ensure full-power utilization and up to 6-dB power boosting for 12-port or 16-port CSI-RS mapping, the following two conditions should be met:
· Condition 1: Full-port CSI-RS are mapped in each OFDM symbol used for CSI-RS mapping.
· Condition 2: CDM-4 has to be used either in time or in frequency domain.
These two conditions can be satisfied if the 12- or 16-port CSI-RS are mapped according to one of the following schemes:
· Scheme 1: The 12- or 16-port CSI-RS are mapped in two consecutive OFDM symbols, and CDM-4 is applied across 2x2 REs.
· Scheme 2: The 12- or 16-port CSI-RS are mapped in two sets of two consecutive OFDM symbols, and CDM-4 is applied across 1x4 REs placed across the four OFDM symbols with CSI-RS. 
There can be lots of different methods to specify CSI-RS mapping pattern according to either of the two schemes, but it seems necessary to have restriction on how legacy CSI-RS resources should be aggregated for constructing a composite 12- or 16-port CSI-RS. Regarding how to apply resource configuration restriction for CDM-4, careful considerations should take place, as it can affect eNB and UE implementations. For eNB perspective, being able to flexibly select REs to apply CDM-4 seems to be of its best interest and no adverse impacts are anticipated. For UE perspective, however, it may be useful for implementations if UE can make some assumptions on which REs the UE should apply CDM-4 de-spreading. For example, with fully flexible configuration, the UE should be able to de-spread across time-domain with various subcarrier offsets, and also across frequency domain with various subcarrier offsets; this may increase UE implementation complexity. 
[image: ]
[bookmark: _Ref430796331]Figure 2 CSI-RS resource pools for CDM-4 mapping
One simple restriction method is to allow CSI-RS mapping based only on Scheme 1, and define two resource pools (Resource pools A & B as depicted in Figure 2) to select CSI-RS resources from. In addition, it is proposed that only legacy 8-port CSI-RS can be aggregated, and only one 8-port resource should be selected per resource pool, to construct a 12 or 16 port CSI-RS resource. Once two 8-port resources are selected from the two resource pools, CDM-4 is applied across the 4 REs in the time-domain, one-by-one from the 1st subcarrier to the 4th subcarrier for 16-port case, and to the 3rd subcarrier for the 12-port case. 
In one example construction illustrated in Figure 3, two legacy 8-port CSI-RS resources are aggregated for 16-port CSI-RS mapping, and CDM-4 is applied in the time domain, across those REs labeled with the same alphabet, one of ‘A’, ‘B’, ‘C’ and ‘D’. For 12-port CSI-RS mapping, REs labeled with ‘A’,’B’ and ’C’ can be used for the RE mapping. 
Antenna port numbering and RE mapping for the aggregated resource can be performed according to Table 1. For the 12-port mapping, although the two 8-port legacy resources are configured, it should be assumed that NCSIRS,1 = NCSIRS,2 = 6 for the antenna port numbering and RE mapping purpose, so that CDM-4 is properly applied across the time domain. 
[image: ]
[bookmark: _Ref430806024]Figure 3 Example CSI-RS RE mapping pattern designed for full-power utilization
Proposal 3: Whether or not to apply CDM-4 to construct a 12 or 16 port CSI-RS resource should be configured by higher layer.
Proposal 4: When CDM-4 is configured, two legacy 8-port CSI-RS resources are aggregated to construct 12 or 16 port CSI-RS resource. The two CSI-RS resources are selected from two different resource pools, illustrated in Figure 2. CDM-4 is applied across time domain on those 4 CSI-RS REs one-by-one from the 1st subcarrier of the two resource mapping patterns to the 4th subcarrier for 16-port case, and to the 3rd subcarrier for the 12-port case.
Conclusions
In this contribution, we discussed remaining issues on CSI-RS enhancement for FD-MIMO. Based on the discussion, following proposals are drawn:
Proposal 1: A CSI-RS resource for class A CSI reporting should be configured as an aggregation of multiple legacy CSI-RS resources.
Proposal 2: A CSI process configuration for class A reporting should include:
· A list of multiple resource configurations; and 
· A single set of subordinate parameters, such as number of antenna ports, subframe config., scrambling ID, QCL info., etc.
Proposal 3: Whether or not to apply CDM-4 to construct a 12 or 16 port CSI-RS resource should be configured by higher layer.
[bookmark: _GoBack]Proposal 4: When CDM-4 is configured, two legacy 8-port CSI-RS resources are aggregated to construct 12 or 16 port CSI-RS resource. The two CSI-RS resources are selected from two different resource pools, illustrated in Figure 2. CDM-4 is applied across time domain on those 4 CSI-RS REs one-by-one from the 1st subcarrier of the two resource mapping patterns to the 4th subcarrier for 16-port case, and to the 3rd subcarrier for the 12-port case.
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