
Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG-RAN WG1 #87ah-NR	R1-1700761 
Spokane, WA, USA, 16th – 20th January, 2017

Source:	Ericsson
Title:	On Dynamic Signalling for Aperiodic and Semi-Persistent CSI-RS
Agenda Item:	5.1.2.2
Document for:	Discussion and Decision
Introduction
In RAN1#87, the following agreement was made [1]:
Agreements:
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users
· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users
· Allocation can be aperiodic (single-shot)
· Allocation can be on a semi-persistent basis
· Note: semi-persistent CSI-RS transmission is periodic while allocated
· Study the following aspects
· Signaling mechanism for dynamic allocation/de-allocation
· e.g. via MAC CE or L1 control signaling, via hierarchical control signaling with MAC-CE and DCI
· De-allocation may or may not be dynamically signaled at a later point in time
· Signaling mechanism for slot configuration (i.e., periodicity, subframe offset like in LTE)
· Signaling format for dynamic indication of CSI-RS resource(s)
· Signaling overhead reduction approaches
· e.g., structured groupings of CSI-RS resources and/or allocation scheme utilizing a combination of RRC configuration and dynamic signaling
· Methods to support resources of variable number of ports
· e.g. Aggregation of resources of a smaller number of ports
· Note: CSI-RS can be NZP
· FFS: ZP
· Note: mapping of CSI-RS resources with TRP(s) is an implementation issue


In this contribution, we present our views on the signalling mechanism for dynamic allocation/de-allocation of resources for aperiodic (single-shot) and semi-persistent CSI-RS.
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Aperiodic CSI-RS with Aperiodic CSI Report
In LTE Rel-14, the aperiodic CSI-RS resource configuration includes either one or two steps [2]-[3].  In the first step, a UE is configured with K = {1, 2, … , 8} Aperiodic CSI-RS resources via RRC.  The second step of aperiodic CSI-RS resource configuration involves dynamically allocating (aka activating) a subset N out of the K that the UE should measure via MAC CE.  Depending on the value of K, the second step of MAC CE based allocation can be skipped (for instance, when K ≤ 2, N = K and MAC CE based activation is skipped [3]).  Following aperiodic CSI-RS resource configuration, a separate dynamic indication is sent via uplink related DCI to select one out of N resources for aperiodic CSI-RS transmission.  Once the aperiodic CSI-RS transmissions have been completed, the N activated resources are deallocated via another MAC-CE indication. 
Since aperiodic CSI-RS transmissions in NR are single shot, the additional MAC CE based allocation/deallocation steps are unnecessary.  Using DCI based dynamic allocation for aperiodic CSI-RS can remove these unnecessary steps.  Furthermore, DCI based dynamic allocation allows an aperiodic CSI-RS to be activated more quickly than MAC CE.  As shown in Figure 1, dynamic allocation of an aperiodic CSI-RS transmission is followed by an aperiodic CSI report.  As per the agreement on CSI measurement setting, the aperiodic CSI report follows the CSI report setting linked to the RS setting to which the triggered aperiodic CSI-RS belongs to.  The aperiodic CSI report can thus be used to verify that the UE received the dynamic allocation DCI indication successfully.  Furthermore, the dynamic allocation DCI indication can jointly trigger both the aperiodic CSI-RS transmission and the following aperiodic CSI report.  Thus, we make the following proposal and observation:
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[bookmark: _Ref471399219]Figure 1.  DCI based allocation for Aperiodic CSI-RS with Aperiodic CSI Report

Semi-Persistent CSI-RS with Aperiodic CSI Report
If MAC CE is used for dynamic allocation of semi-persistent CSI-RS, the gNB can use HARQ-ACK to determine if UE received the dynamic allocation.  However, this comes at the cost of longer allocation latency.  Using DCI based dynamic allocation on the other hand allows the semi-persistent CSI-RS to be allocated more quickly than MAC CE.  Hence, DCI based dynamic allocation for semi-persistent CSI-RS provides better control of the time gap between dynamic allocation and semi-persistent CSI-RS.

[bookmark: _Toc471767332]DCI based allocation of semi-persistent CSI-RS provides better control of the time gap between allocation and semi-persistent CSI-RS.

The reliability of the DCI based dynamic allocation of semi-persistent CSI-RS can be ensured by a simple mechanism shown in Figure 2.  In this mechanism, after receiving the DCI based dynamic allocation of semi-persistent CSI-RS, the UE measures the first instance of the semi-persistent CSI-RS transmission and sends an aperiodic CSI report based on the first measurement.  The gNB can use this first aperiodic CSI report to verify that the UE received the dynamic allocation DCI indication successfully.  As shown in Figure 2, separate aperiodic CSI Triggers will trigger the subsequent aperiodic CSI reports.  Similarly, the DCI based approach can also be used to deactivate or de-allocation of the semi-persistent CSI-RS transmission. Thus, we make the following proposals:
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[bookmark: _Ref471421277]Figure 2.  DCI based Allocation for Semi-Persistent CSI-RS with Aperiodic CSI Report
If the duration of the semi-persistent CSI-RS is RRC configured (i.e., the allocation window size in Figure 2), then explicit signalling for deallocation of semi-persistent CSI-RS may not be needed.  Hence, control signalling overhead can be saved by not having dynamic signalling for de-allocation of semi-persistent CSI-RS.
Semi-Persistent CSI-RS with Semi-Persistent CSI Report
Due to the reasons mentioned in Section 2.2, DCI based dynamic allocation is also desirable for semi-persistent CSI-RS with semi-persistent CSI reporting.  In this case, if the DCI dynamic allocation jointly triggers both the semi-persistent CSI-RS and the semi-persistent CSI report (as shown in Figure 3), then the first semi-persistent CSI report can be used to verify that the UE received the dynamic allocation DCI indication successfully. Alternatively, if semi-persistent CSI-RS transmission and the semi-persistent CSI report are triggered by different DCI indications, then a single-shot CSI report that follows immediately after the first instance of the semi-persistent CSI-RS transmission can be used by the gNB to verify that the UE received the dynamic allocation DCI successfully (as shown in Figure 4).  This single-shot CSI report captures the UE’s measurement of the first instance of the semi-persistent CSI-RS transmission.  In both cases, a separate DCI may be used for deactivating or deallocating the CSI-RS.  Hence, we make the following observations:
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[bookmark: _Ref471429612]Figure 3.  DCI based Allocation for Semi-Persistent CSI-RS with Semi-Persistent CSI Report (CSI-RS and CSI report jointly triggered)
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[bookmark: _Ref471430730]Figure 4.  DCI based Allocation for Semi-Persistent CSI-RS with Semi-Persistent CSI Report (Separate Triggers for CSI-RS and CSI report)
Conclusions
In this contribution, we present our views on the signalling mechanism for dynamic allocation/de-allocation of resources for aperiodic (single-shot) and semi-persistent CSI-RS.  Based on the discussion in Section 2, we make the following observation and proposals:

Observation 1	A single DCI based allocation can trigger both the aperiodic CSI-RS transmission and the following aperiodic CSI report.
Observation 2	DCI based allocation of semi-persistent CSI-RS provides better control of the time gap between allocation and semi-persistent CSI-RS.
Observation 3	A first aperiodic CSI report based on the first measurement allows the gNB to verify that the UE received a semi-persistent CSI-RS allocation DCI successfully.
Observation 4	For semi-persistent CSI-RS jointly triggered with a semi-persistent CSI report, the first semi-persistent CSI report can be used to verify that the UE received the allocation DCI.
Observation 5	If semi-persistent CSI-RS transmission and the semi-persistent CSI report are triggered by different DCI indications, then a single-shot CSI report can be used by the gNB to verify that the UE received the allocation DCI 

Proposal 1	DCI is used to trigger aperiodic CSI-RS transmission.
Proposal 2	DCI is used to trigger semi-persistent CSI-RS transmission.
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