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1 Introduction
In [NR-90b-19] the following parameters were agreed for ZP CSI-RS resource indication:

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	FFS

	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS
	FFS

	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	FFS


In this contribution we provide our views on details of the parameters required for ZP CSI-RS resource configuration.
2 Discussion on PDSCH/PUSCH RE mapping
ZP CSI-RS REs indication

LTE support semi-static and dynamic indication of ZP CSI-RS resources. In particular, UE can be configured ZP CSI-RS resource, where each ZP CSI-RS resource includes ZP CSI-RS configuration in a RB and ZP CSI-RS subframe configuration which can be optionally present. 
In case ZP CSI-RS subframe configuration is not configured for the UE, the presence of the ZP CSI-RS resource is dynamically determined at the UE by the DCI, scheduling PDSCH transmission for the UE. In case ZP CSI-RS subframe configuration is present, UE semi-statically determines presence of ZP CSI-RS resource in a given slot from that configuration.
Similar to LTE, NR should support analogous approaches for ZP CSI-RS resource configuration and transmission by using semi-static and dynamic signalling. In particular, for dynamic indication, UE in NR may be configured with larger set of ZP CSI-RS resources by using RRC signalling (e.g. 8 resources). By using MAC CE signalling, the RRC configured resources can be reduced (or activated) to the smaller subset of RE resources (e.g. 4 resources). Then, a dedicated bits in DCI (e.g. 2 bits in PQI) can be used to dynamically indicate the actual ZP CSI-RS resource relevant to the scheduled transmission from the subset of RE resources selected by MAC CE signalling. The use of MAC based activation de-activation is required considering support of semi-persistent NZP CSI-RS transmission. 
Proposal:
· NR supports dynamic, semi-persistent and periodic ZP CSI-RS resources
ZP CSI-RS resource configuration
Based on the email discussion [NR-90b-19], NR should support at least the following parameters for ZP CSI-RS resource configuration:
· ZP CSI-RS configuration in a RB
· ZP CSI-RS slot configuration
· ZP CSI-RS frequency band configuration

ZP CSI-RS resource configuration should be capable of protecting one or multiple NZP CSI-RS resource transmissions from the neighbouring cells. In addition ZP CSI-RS resources should support CSI-IM resources by “preventing” PDSCH transmission on the REs configured as CSI-IM resources. 

Considering the above requirements, configuration of such ZP CSI-RS resource in a RB should be flexible enough and should not be necessarily limited to a single NZP CSI-RS configuration. For example, ZP CSI-RS configuration in RB can be supported by using single bitmap, where each bit in the bitmap may corresponds to one REs or groups of adjacent REs as illustrated in Figure 1. 
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Figure 1. Illustration of ZP RE units in the slot

To reduce the signalling overhead, single bitmap representing all REs in a RB can be replaced with two time and frequency domain bitmaps, where each bit in the corresponding bitmap separately indicates presence of the ZP REs in the frequency and time domain. 

The ZP CSI-RS resource configuration should also include slot configuration to support semi-persistent and periodic ZP CSI-RS resource configuration. The supported set of periodicities for ZP CSI-RS resource should be the same as set of periodicities supported by NZP CSI-RS and CSI-IM resources. Considering some benefits of supporting CSI-IM periodicity of 1 slot, the ZP resource slot configuration should also support periodicity of 1 slot.

The example of slot configuration for ZP resource is illustrated in Table 1.
Table 1: ZP resource slot configuration 

	ZP resource slot configuration,
I
	ZP resource periodicity,

slots 
	ZP resource offset,

Slots

	0
	1
	I

	1 – 5
	5
	I-1

	6 – 15
	10
	I-6

	16 – 35
	20
	I-16

	36 – 75
	40
	I-36

	76 – 155
	80
	I-76

	…
	…
	…



ZP CSI-RS frequency band configuration targets indication of a set of RBs in the frequency domain which are used for by ZP CSI-RS resource. Considering that configuration of ZP CSI-RS frequency band should be flexible, bitmap based approach for ZP CSI-RS frequency band configuration should be supported with different RB granularities including granularity of 1 RB. 
Proposal
· ZP CSI-RS resource is configured by using the following parameters
· ZP CSI-RS resources in a RB by using one or two bitmaps in time and frequency domain 
· ZP CSI-RS resource slot configuration indicating periodicity and slot offset
· Set of supported periodicities is the same as periodicities supported for NZP CSI-RS and CSI-IM resources and may support periodicity of 1 slot

· ZP CSI-RS frequency band configuration
· Indicated set of RBs for ZP CSI-RS
· Multiple granularities in RB should be considered including support of 1 RB granularity

Collision handling of ZP CSI-RS resource with other reference signals

In case of ZP CSI-RS resource overlaps with other (non zero-power) reference signals (e.g. DM-RS, CSI-RS, TRS, etc.), UE should assume that the non-zero power reference signal is present. For example, if ZP CSI-RS resource collides with NPZ CSI-RS resource, UE should assume that NZP CSI-RS resource is present, which is similar behaviour to the one supported by LTE. Such approach of handling overlapping with ZP CSI-RS resource is beneficial to reduce UE complexity as it avoid introduction of new UE behaviours for different collision cases.  


It should be noted that giving priority to the non-zero power reference signal doesn’t mandate gNB to transmit that reference signal. In particular  gNB, by using measurement restriction configuration for the UE, can enable dynamic on/off of that reference signal without explicit indication to the UE about reference signal presence. Due to measurement restriction configuration for the UE, gNB becomes fully aware whether UE has used valid reference signal transmission or not for the subsequent reference signal processing.
Proposal
· NR supports collision handling between ZP CSI-RS resource and other (non zero-power) reference signal by assuming that other reference signal is being transmitted (i.e. no change in UE behavior due to collision with reference signal)
· Note: it doesn’t mean that non zero power reference signal shall be transmitted by gNB
· Consider measurement restriction (channel and QCL parameters) as approach of supporting dynamic on/off of the reference signals in NR for forward compatibility support
3 Summary
In this contribution we provide our views on details of the parameters required for ZP CSI-RS resource configuration. Based on the discussion the following proposals were made:
Proposals:

· NR supports dynamic, semi-persistent and periodic ZP CSI-RS resources
· ZP CSI-RS resource is configured by using the following parameters
· ZP CSI-RS resources in a RB by using one or two bitmaps in time and frequency domain 
· ZP CSI-RS resource slot configuration indicating periodicity and slot offset

· Set of supported periodicities is the same as periodicities supported for NZP CSI-RS and CSI-IM resources and may support periodicity of 1 slot

· ZP CSI-RS frequency band configuration
· Indicated set of RBs for ZP CSI-RS

· Multiple granularities in RB should be considered including support of 1 RB granularity

· NR supports collision handling between ZP CSI-RS resource and other (non zero-power) reference signal by assuming that other reference signal is being transmitted (i.e. no change in UE behavior due to collision with reference signal)

· Note: it doesn’t mean that non zero power reference signal shall be transmitted by gNB

· Consider measurement restriction (channel and QCL parameters) as approach of supporting dynamic on/off of the reference signals in NR for forward compatibility support
References
[1] Chairman’s notes for 3GPP TSG RAN WG1 Meeting #90bis, Prague, P.R. Czech, 9th – 13th October 2017.
PAGE  
4/4

