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Introduction
ZP CSI-RS is supported in NR Rel-15 to facilitate PDSCH rate matching around certain REs such as CSI-IM resources. In general, a UE should not make any assumption about what is transmitted or not transmitted in a ZP CSI-RS resource. In most cases, however, nothing is likely transmitted in a ZP CSI-RS resource by the gNB. In those cases, the gNB may boost PDSCH transmit power in the OFDM symbols containing the ZP CSI-RS resource.  
In this contribution, we discuss potential enhancement to enable PDSCH power boosting in certain OFDM symbols in NR.  This is a revision of R1-1811190.
[bookmark: _Ref178064866]Discussion
PDSCH power allocation in LTE
In LTE, a PDSCH can have different transmit power levels, or energy per RE (EPRE), in different OFDM symbols in a subframe depending on whether the OFDM symbols contain CRS, DMRS or no RS [1].  




The ratio of PDSCH EPRE to CRS EPRE in OFDM symbols not containing CRS or DMRS is denoted by , while the ratio of PDSCH EPRE to CRS EPRE in OFDM symbols containing CRS is denoted by .  A UE determines  based on the RRC parameter, ,  and determines  based on another RRC parameter, , where  .  
In OFDM symbols containing DMRS, the ratio of PDSCH EPRE to DMRS EPRE is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. 
[bookmark: _Toc525918319]In LTE, PDSCH can have different transmit power levels in different OFDM symbols in a subframe, depending on whether CRS, DMRS or no RS is contained in an OFDM symbol. The different power levels are informed to a UE.
PDSCH power boosting in NR
In NR, UE determines the ratio of the PDSCH EPRE to DMRS EPRE according to 38.214 [2] as follows:



[bookmark: _GoBack]For downlink DM-RS associated with PDSCH, the UE may assume the ratio of PDSCH EPRE to DM-RS EPRE (1/[dB]) is given by Table 4.1-1 according to the number of DM-RS CDM groups without data as described in Subclause 5.1.6.2. The DM-RS scaling factor  specified in Subclause 7.4.1.1.2 of [4, TS 38.211] is given by .
 Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB



Therefore,  a constant PDSCH EPRE across OFDM symbols in a slot is currently assumed in NR. 
[bookmark: _Toc525918320]In NR, PDSCH EPRE is currently assumed to be constant across OFDM symbols in a slot.
As discussed in the introduction, when nothing is transmitted in ZP CSI-RS resources, the power in the resources could be used to boost PDSCH power in the same OFDM symbols. One example is shown in Figure 1, where a ZP CSI-RS resource with 4 REs is configured for rate matching around a CSI-IM in OFDM symbol #8.  In this case, the PDSCH in OFDM symbol #8 can be power boosted by about 1.76dB. Such PDSCH power boosting is, however, not currently supported in NR.  This leads to under-utilization of the available TX power at the gNB which is wasteful and consequently, the PDSCH decoding performance is decreased. Especially for mini-slot scheduling with short PDSCH duration where the PDSCH allocation overlaps a CSI-IM resource, the impact could be quite dramatic.

[bookmark: _Ref510474425]Figure 1: An example of PDSCH power boosting, where PDSCH in OFDM symbol #8 can be boosted by 1.76dB.
To support PDSCH power boosting in certain OFDM symbols containing ZP CSI-RS in NR, a UE needs to know the ratio of the PDSCH EPRE to DMRS EPRE in those OFDM symbols. 
One possible way is to add an indication in each ZP CSI-RS resource or resource set to indicate to a UE whether the ZP CSI-RS resource can be used to boost PDSCH transmit power scheduled in the same OFDM symbols. When the ZP CSI-RS resource is activated or triggered in a slot, the UE can figure out the number of ZP CSI-RS REs available in an OFDM symbol for PDSCH power boosting and thus the ratio of the PDSCH EPRE to DMRS EPRE in each of those OFDM symbols. 
Using the previous example, when the ZP CSI-RS is indicated for PDSCH power boosting, a UE can figure out that there are 4 ZP CSI-RS REs per RB and the PDSCH power boosting amount in OFDM symbol #8 can be calculated as 

[bookmark: _Toc525918321]Whether a ZP CSI-RS resource can be used to boost PDSCH transmit power scheduled in an OFDM symbol can be indicated in the ZP CSI-RS resource configuration.
[bookmark: _Toc525918322]A UE can figure out the ratio of the PDSCH EPRE to DMRS EPRE based on the number of ZP CSI-RS REs and PDSCH REs in an OFDM symbol.
Given the potential benefits of PDSCH power boosting and the minor spec impact, we propose to consider supporting the feature in NR Rel-16. As this is a confined enhancement, it is a good candidate to be specified under TEI-16.
[bookmark: _Toc525918324]Specify PDSCH power boosting in OFDM symbols containing ZP CSI-RS under TEI-16.
Conclusions
In this contribution, we made the following observations:
Observation 1	In LTE, PDSCH can have different transmit power levels in different OFDM symbols in a subframe, depending on whether CRS, DMRS or no RS is contained in an OFDM symbol. The different power levels are informed to a UE.
Observation 2	In NR, PDSCH EPRE is currently assumed to be constant across OFDM symbols in a slot.
Observation 3	Whether a ZP CSI-RS resource can be used to boost PDSCH transmit power scheduled in an OFDM symbol can be indicated in the ZP CSI-RS resource configuration.
Observation 4	A UE can figure out the ratio of the PDSCH EPRE to DMRS EPRE based on the number of ZP CSI-RS REs and PDSCH REs in an OFDM symbol.

Based on the observations, we make the following proposal:
Proposal 1	Specify PDSCH power boosting in OFDM symbols containing ZP CSI-RS under TEI-16.
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