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1. Introduction
RAN1 is working on Rel-14 eFD-MIMO feature and sent an LS to RAN4 with following question. 
RAN1 discussed activation/deactivation of an NZP CSI-RS (“multi-shot” CSI-RS) for UEs configured with QCL Type B, with the following working assumption. RAN1 would like RAN4’s suggestion on the value of Ω below:

Working Assumption:

Working Assumption will be confirmed in RAN1#88 if benefit is confirmed compared to using periodic NZP CSI-RS and significant problems are not identified. 

· In TM10, activation/deactivation of an NZP CSI-RS with subframe_config can be configured with UEs configured with QCL Type B, where
· NZP CSI-RS configured for activation/deactivation can be indicated in PQI for QCL purposes, and follow legacy QCL assumption. 
· UE does not expect to receive PQI indication before receiving Ω (>1) activated NZP CSI-RSs from an NZP CSIRS activation. FFS on Ω – send an LS to RAN4 to ask for their advice.
· UE does not expect that a PQI indication is received which indicates a deactivated NZP CSI-RS. FFS the spec impact.
· Note: NZP CSI-RS not configured for activation/deactivation can also be indicated for QCL purpose.
· RAN1 respectfully asks RAN4 to recommend the value of Ω.
In this contribution, we will analyse UE’s PDSCH demodulation performance under QCL type B with multi-shot NZP-CSI-RS activation and provide our proposal for LS response. 
2. Discussion

When UE is configured with TM10 type B operation, PDSCH can be transmitted via transmission point (TP) that is not co-located with serving TP transmitting CRS. For the purpose of timing synchronization in DM-RS channel estimation, UE is required to refer to PQI field in DCI to determine NZP-CSI-RS that is quasi-co-located (QCLed) with DM-RS. NZP-CSI-RS for QCL type B operation can change each subframe dynamically to support flexible dynamic port selection (DPS) operation in TM10. UE can use timing information derived from QCLed NZP-CSI-RS for DM-RS channel estimation. 
In Rel-14, RAN1 is working on specification of new mechanism for NZP-CSI-RS transmission. In Rel-13, eNB can configure only periodic transmission of CSI-RS with periodicity of 10/20/40/80 ms. In Rel-14 enhancement, RAN1 agreed to introduce aperiodic and multi-shot NZP-CSI-RS configuration. 
In multi-shot NZP-CSI-RS configuration, eNB can activate and deactivate NZP-CSI-RS to the UE based on need for CSI feedback. When use of multi-shot NZP-CSI-RS is associated with QCL type B operation, one obvious question is from when eNB is allowed to start PDSCH transmission. 
· Option 1: eNB starts PDSCH transmission after first NZP-CSI-RS transmission but before UE provides CSI feedback
· Option 2: eNB starts PDSCH transmission after getting first CSI feedback from UE
· Option 3: eNB starts PDSCH transmission after transmitting at least Ω NZP-CSI-RS 
Option 1 allows eNB to start PDSCH transmission immediately after first NZP-CSI-RS transmission. This leads to minimum latency between NZP-CSI-RS activation and PDSCH transmission but eNB has to use staled CSI (PMI/RI/CQI) information for PDSCH transmission. Furthermore, transmission of PDSCH even before eNB gets CSI feedback seems to defeat the purpose of NZP-CSI-RS activation. 

Option 2 allows eNB to start PDSCH transmission after getting first CSI feedback from UE. This will cause at least 5 SF delay between first NZP-CSI-RS and first PDSCH transmission. On the other hand, eNB will have fresh CSI information though it is based on single SF NZP-CSI-RS measurement. Note that, for both option 1 and option 2, UE has to obtain timing information for DM-RS channel estimation based on one SF NZP-CSI-RS observation. 
In option 3, eNB waits further before PDSCH transmission to allow UE to acquire more accurate timing information based on multiple NZP-CSI-RS observations. Though it can improve DM-RS channel estimation quality, it will lead to large delay between NZP-CSI-RS and PDSCH transmission. 
Observation 1. If eNB configures multi-shot NZP-CSI-RS, eNB is supposed to start PDSCH transmission after it gets CSI feedback from UE.  

Observation 2. There is a trade-off between PDSCH transmission delay and DM-RS channel estimation performance. 
For method 2, assuming that UE is capable of QCL type B operation, which is verified by TM10 PDSCH demodulation tests defined in Rel-11, DM-RS channel estimation quality after receiving one NZP-CSI-RS would not be completely catastrophic though it might not be as good as what UE can achieve with multiple NZP-CSI-RS observation. On the other hand, quantification of performance degradation is challenging since the impact of non-ideal DM-RS timing synchronization is only transient. With every additional NZP-CSI-RS observation, performance degradation will disappear quickly. 
Observation 3. DM-RS channel estimation performance degradation after one NZP-CSI-RS observation is not catastrophic and will disappear quickly with additional observation of NZP-CSI-RS. 
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Figure 1. NZP-CSI-RS and PDSCH transmission timeline with multi-shot NZP-CSI-RS
 Based on our observation, we would like to propose following as LS response. 

There could be some DM-RS channel estimation performance degradation due to one NZP-CSI-RS observation but it will disappear quickly with additional NZP-CSI-RS observation. eNB should be allowed to schedule PDSCH after getting first CSI feedback from UE. eNB might consider conservative MCS selection in a few initial PDSCH scheduling to account for transient DM-RS performance degradation. 
3. Conclusions

In this contribution, we analysed UE’s PDSCH demodulation performance under QCL type B with multi-shot NZP-CSI-RS activation. We would like to propose following as LS response. 

There could be some DM-RS channel estimation performance degradation due to one NZP-CSI-RS observation but it will disappear quickly with additional NZP-CSI-RS observation. eNB should be allowed to schedule PDSCH after getting first CSI feedback from UE. eNB might consider conservative MCS selection in a few initial PDSCH scheduling to account for transient DM-RS performance degradation. 
References

[1] R1-1613795, “LS on QCL for activated CSI-RS”, LGE, TSG-RAN1 #87, Nov, 2016

8
3

_1547279586.vsd
NZP-CSI-RS activation


NZP-CSI-RS transmission


PDSCH transmission
Option 2


CSI-feedback


NZP-CSI-RS transmission


PDSCH transmission
Option 3


PDSCH transmission
Option 1



