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1 Introduction
In 3GPP RAN1#84bis, the following agreements were made for enhancements on beamformed CSI-RS for eFD-MIMO [1]:
Agreements: 

· Until RAN1#85, down-selection/merge the following alternatives for reducing the overhead for beamformed CSI-RS, considering overhead reduction, performance, backward compatibility, UE implementation complexity:
· Alt.1: Aperiodic CSI-RS

· E.g., One-shot CSI-RS transmission with transmission on the same subframe as triggering subframe 

· Alt.2: Dynamic CSI-RS activation and/or deactivation

· E.g., One-shot or multi-shot CSI-RS transmission after the triggering subframe 

· Alt.3: Reduced frequency density via decimation over part or all of the bandwidth
· Alt.4: MR with dynamic sharing of the beams on CSI-RS resources among the UEs 

· Alt.5: Triggered measurement of one of multiple CSI-RS configurations
· Alt.6: Spatially multiplexed beamformed CSI-RS
· Other approaches are not precluded

In this contribution, we present our views on these alternatives for reducing the overhead for beamformed CSI-RS for eFD-MIMO.
2 Discussion
UE specific beamforming is a proof solution for FD-MIMO with a larger number of antenna ports as concluded in the TR [2] of the study item. However, one of the potential issues with UE specific beamforming is the CSI-RS overhead since dedicated CSI-RS resource is configured for each UE in a cell. Even though each UE may only require one beam of 2 CSI-RS ports, the demand for CSI-RS resources could be very high when there is a large number of RRC_CONNECTED UEs configured with FD-MIMO operation in the cell. Therefore, improving CSI-RS resource utilization efficiency for overhead reduction is required for UE specific beamforming based FD-MIMO.
In Rel-13, periodic CSI-RS resource using the existing 1/2/4/8 ports NZP CSI-RS pattern is configured for UE specific beamfoming. When combining with measurement restriction (MR), the beamformed CSI-RS resources can be dynamically shared among UEs with a TDM manner as shown in Figure 1 below. If W2 only codebook is further configured then the dynamic TDM/FDM sharing of the beams on CSI-RS resource can be supported. For example, a beamformed 4- or 8-ports CSI-RS resource corresponding to 2 or 4 beams can be configured to 2 or 4 UEs with one beam per UE per measurement instance. If one or more multiplexing UEs are not required to report CSI due to no traffic demand, the corresponding beam resources can be reused by other UEs to improve the beam granularity. Dynamic beam sharing can be easily implemented by adapting the precoding weights for the CSI-RS resource to the corresponding UEs. The adaptation of beamforming weight can be transparent to UE if MR is configured. Therefore, this approach, e.g., Alt. 4 in the above identified schemes provides sufficient flexibility for allowing CSI-RS resource sharing among multiple UEs to reduce the CSI-RS overhead. 

Alt. 4 can be supported by the existing specification. It is also noted that some enhancements can be considered to further improve the resource utilization. For example, as proposed in [3], the beamformed CSI-RS resource can be dynamically reconfigured for DL data transmission when it is not used for CSI measurement and reporting. This may require enhancements on PDSCH rate matching. Furthermore, it can be considered to support dynamic sharing of the beams on CSI-RS resources with different number of antenna ports, e.g., between a 4-ports and 8-ports CSI-RS resources by changing 4/8-ports CSI-RS resource configuration using an aggregation of multiple 2-ports CSI-RS configurations.
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Figure 1. Dynamic sharing of the beams on CSI-RS resources according to Alt. 4
Observation 1: Rel-13 UE specific beamformed CSI-RS supports dynamic FDM/TDM sharing of beams on CSI-RS resources among multiple UEs. 

Proposal 1: Alt. 4, e.g., MR with dynamic sharing of the beams on CSI-RS resources among the UEs shall be served as the baseline when evaluating the benefits of other alternatives for improving beamformed CSI-RS resource utilization. 

Both Alt. 1 and 2 can support dynamic CSI-RS transmission according to CSI-RS trigger. For Alt. 1, aperiodic CSI report trigger is reused to for aperiodic CSI-RS trigger. Therefore, the presence/absence of aperiodic CSI-RS is signaled by the UL grant. Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL grant and can be transmitted in any DL subframe that the UL-related DCI can be present. Compared to Alt. 4, the CSI-RS transmission instances are not limited to a certain preconfigured time grid and can be fully dynamic according to the need for aperiodic CSI reporting.  Although it may have the benefit to provide time domain configuration flexibility, there are some issues to be considered. Firstly, backward compatibility is not supported by Alt. 1. Since aperiodic CSI-RS transmission is not restricted to a 5ms grid, it cannot be known by a legacy UE. Puncturing will be applied to PDSCH when legacy UE is scheduled in the same subframe as aperiodic CSI-RS transmission. Performance loss due to puncturing may be serious when there are multiple dynamic CSI-RS resources in the subframe. Additionally, dynamic CSI-RS cannot be transmitted in the subframe, e.g., SF#0 and 5 that system information such as SIB or paging can be present. This would limit the benefit of aperiodic CSI-RS. 

Secondly, aperiodic CSI-RS transmission will lead to a reduced CSI processing time since UE needs to firstly decode PDCCH or EPDCCH to determine the existence of dynamic aperiodic CSI-RS trigger/configuration. As shown in Figure 2, for aperiodic CSI-RS configuration is signaled in SF n with the corresponding aperiodic CSI reporting in SF n+4, the UE processing time for CSI-RS, e.g., τ3 is 4ms minus propagation RTT τ4 and PDCCH/EPDCCH decoding time τ2. Compared to the legacy periodical CSI-RS transmission, CSI processing time is reduced by additional PDCCH or EPDCCH decoding time, which more than 1ms for EPDCCH. If cross-carrier scheduling is considered where two component carriers are not frame synchronized, e.g., in dual-connectivity, the available time for CSI processing is further reduced and can be less than 2ms. Additionally, for aperiodic CSI-RS resource UE is required to buffer the potential tones for CSI-RS transmission until the aperiodic CSI-RS trigger is decoded. This would significantly increase UE complexity when there are multiple aperiodic CSI-RS resources such as in CA. 
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Figure 2. CSI processing timing diagram according to Alt. 1 aperiodic CSI-RS

The current specification may allow CSI reference resource prior to the aperiodic CSI report trigger for DL CoMP to relax CSI processing time from 4ms to minimum 5ms. If aperiodic CSI-RS is supported according to Alt. 1, there is misalignment between CSI reference resource and CSI-RS subframe, e.g., CSI-RS is later than CSI reference resource. If the existing principle for CSI relaxation is maintained, it would mean that aperiodic CSI-RS cannot be applied to DL CoMP. This restriction will make aperiodic CSI-RS less useful and further reduce the benefit.
Observation 2: Aperiodic CSI-RS according to Alt. 1 don’t support backward compatibility and will significantly increase UE implementation complexity. A set of restrictions are also observed for applying aperiodic CSI-RS in LTE system.
Alt.2 uses a dynamic activation/deactivation to configure CSI-RS transmission as shown in Figure 3. The difference with Alt. 1 is that CSI-RS transmission instances for Alt. 2 are still based on the semi-statically configured “SubframeConfig”. In other words, Alt. 2 defines a “semi-persistent” CSI-RS resource for which the actual CSI-RS transmission is based on additional signaling. Once activated, the “semi-persistent” CSI-RS resource is periodically transmitted until the resource is released. Assuming dynamic CSI-RS trigger is signaled at subframe n, the actual CSI-RS tones will be received at subframe n+x where x>0. Therefore, UE processing time for CSI-RS can be same as the legacy if aperiodic CSI report trigger for the activated CSI-RS resource is sent no earlier than subframe n+x. The backward compatibility can also be maintained if all the “semi-persistent” CSI-RS resources are reserved on a 5ms grid so that one ZP CSI-RS configuration can be configured for legacy UE for PDSCH rate matching. For Rel-14 UE the deactivated CSI-RS resources can be reused for PDSCH if enhanced rate matching mechanism is specified. 
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Figure 3. Example of dynamic CSI-RS activation/deactivation of Alt. 2
When the CSI-RS resource configuration is semi-static, Alt. 2 achieves the similar performance as Alt. 4 on improving CSI-RS resource utilization. Since Alt. 4 also supports to reconfigure the CSI-RS resources configured to other UEs for PDSCH transmission. However, Alt. 2 allows the network to switch OFF a periodic CSI-RS transmission when the associated CSI report is not required. This could help to reduce eNB power consumption and may also reduce UE complexity by disabling CSI reporting. 
Observation 3: When the CSI-RS resource configuration is semi-static, Alt. 2 achieves the similar performance as Alt. 4 on improving CSI-RS resource utilization, but it may reduce eNB power consumption and UE complexity.
Alt. 5 uses dynamic CSI-RS resource configuration by triggering one of multiple CSI-RS configurations corresponding to a CSI-RS resource pool shared by multiple UEs. The multiple CSI-RS resource configurations in the pool may have different configuration of number of CSI-RS ports, time/frequency locations, etc. Based on UE activity level and need for accurate CSI reporting, the eNB will dynamically configure one of multiple CSI-RS configurations for CSI measurement to each UE. Compared to Alt. 4, the collision probability is reduced when the same resource is configured to different UEs required to report the CSI simultaneously. With dynamic resource configuration the trunking efficiency of the beamformed CSI-RS resources can be improved. It is noted that Alt. 5 cannot be stand-alone used and it needs to be combined with other schemes, such as Alt. 1 or Alt. 2. When combing Alt. 5 and Alt. 1, UE needs to save the CSI-RS tones for all the K CSI-RS resource configurations until the aperiodic CSI-RS trigger is decoded. Therefore the increase on UE memory can be very large for K>1. The impact on UE implementation can be small for combined Alt. 5 and Alt. 2 since dynamic CSI-RS trigger is sent before aperiodic CSI report trigger and UE will know the activated CSI-RS resource for CSI measurement before receiving aperiodic CSI report trigger. 
Observation 4: Alt. 5 can improve the trunking efficiency of the beamformed CSI-RS resources by using dynamic resource configuration.  When combined with Alt. 2 the impact on UE complexity is relatively small.
Other alternatives, such as Alt. 3 and Alt. 6 target to improve CSI-RS resource multiplexing capability. Alt. 6 can be standards transparent up to eNB implementation, and Alt. 3 increases FDM capability at the loss of granularity. If CSI-RS is transmitted on part of the bandwidth, the CSI feedback cannot be reported for the whole bandwidth and therefore the gain of frequency domain packet scheduler is reduced. Further system evaluations shall be performed in order to fully understand the pros and cons.
Observation 5: Alt. 3 and Alt. 6 target to improve CSI-RS resource multiplexing capability. Further system evaluations shall be performed in order to fully understand the pros and cons.
According to the above discussion, we summarize the pros and cons of each alternative in Table 1. 
Table 1. Comparison of different alternatives

	
	Alt. 1
	Alt. 2
	Alt. 4
	Alt. 5 + Alt. 1
	Alt. 5 + Alt. 2

	Main advantages
	Configuration flexibility, not limited by 5ms grid 
	Reduce eNB power consumption by turning off CSI-RS
	Dynamic FDM/TDM sharing of the beams on CSI-RS resources 
	Improving trunking efficiency
	Improving trunking efficiency

	Backward compatibility
	No
	Yes
	Yes
	Yes
	Yes

	UE complexity
	High
	Low
	Low
	Very high
	Medium

	Potential spec enhancements
	Rate matching

Aperiodic CSI-RS configuration

CSI processing timing

Configuration restriction
	Rate matching

Dynamic CSI-RS trigger signaling


	Rate matching

4/8-ports CSI-RS configuration based on aggregation of multiple 2-ports


	Rate matching

Dynamic CSI-RS trigger signaling

K semi-persistent CSI-RS configurations per CSI process
	Rate matching

Dynamic CSI-RS trigger signaling

K semi-persistent CSI-RS configurations per CSI process


Proposal 2: Consider Alt. 4 and/or Alt. 5 + Alt. 2 for enhancements on beamformed CSI-RS. 

As seen from Table 1, all the alternatives require to enhance rate matching to support reusing the unused CSI-RS resources for DL data transmission. According to last RAN1 meeting discussion there are at least two approaches for rate matching enhancements. The first is to reuse the existing flexible PDSCH RE mapping supported in Rel-11 CoMP, e.g., based on PQI state. Potential enhancements are to increase the number of ZP CSI-RS configurations to accommodate a larger number of dynamic CSI-RS resources and extend the flexible PDSCH RE mapping also to TM9. The second proposal to use the aperiodic CSI-RS indication message in UL grant which can be interpreted as dynamic ZP-CSI-RS indication for those UEs to perform PDSCH rate matching around the indicated resources [4]. However, the second proposal introduces unnecessary coupling between UL and DL grants and thence increases complexity. It may not work if the user being asked for CSI feedback is different from the user being scheduled for PDSCH. Since we need to support the cases of different users for CSI measurement and PDSCH, the rate matching indication shall be added to the associated DL grant. There is no point of optimizing for a special case where UL and DL grants are going to the same UE.
Proposal 3: Reuse or enhance the existing flexible PDSCH RE mapping for PDSCH rate matching around dynamic CSI-RS resources. 

3 Conclusions
In summary, we discuss the potential enhancements on UE specific beamformed CSI-RS to improve efficiency of resource utilization for eFD-MIMO. We have the following observations:

Observation 1: Rel-13 UE specific beamformed CSI-RS supports dynamic FDM/TDM sharing of beams on CSI-RS resources among multiple UEs. 

Observation 2: Aperiodic CSI-RS according to Alt. 1 don’t support backward compatibility and will significantly increase UE implementation complexity. A set of restrictions are also observed for applying aperiodic CSI-RS in LTE system.

Observation 3: When the CSI-RS resource configuration is semi-static, Alt. 2 achieves the similar performance as Alt. 4 on improving CSI-RS resource utilization, but it may reduce eNB power consumption and UE complexity.

Observation 4: Alt. 5 can improve the trunking efficiency of the beamformed CSI-RS resources by using dynamic resource configuration.  When combined with Alt. 2 the impact on UE complexity is relatively small.

Observation 5: Alt. 3 and Alt. 6 target to improve CSI-RS resource multiplexing capability. Further system evaluations shall be performed in order to fully understand the pros and cons.

Based on the above observations we propose

Proposal 1: Alt. 4, e.g., MR with dynamic sharing of the beams on CSI-RS resources among the UEs shall be served as the baseline when evaluating the benefits of other alternatives for improving beamformed CSI-RS resource utilization. 

Proposal 2: Consider Alt. 4 and/or Alt. 5 + Alt. 2 for enhancements on beamformed CSI-RS. 

Proposal 3: Reuse or enhance the existing flexible PDSCH RE mapping for PDSCH rate matching around dynamic CSI-RS resources. 
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