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1. Introduction
This contribution presents our views on remaining issues on RS and QCL based on [1]-[7]. 
2. Discussion
2.1. Maintenance for CSI-RS
In the latest RAN2 specification TS 38.331 section 6.3.2[1], for NZP-CSI-RS-Resource IE, ‘powerControlOffset’ is defined as below.
	NZP-CSI-RS-Resource field descriptions

	…

	powerControlOffset
Power offset of NZP CSI-RS RE to PDSCH RE. Value in dB. Corresponds to L1 parameter Pc (see 38.214, sections 5.2.2.3.1 and 4.1)

	…


However, in the latest RAN1 specification TS 38.214 section 5.2.2.3.1[2], for NZP-CSI-RS, RRC parameter ‘powerControlOffset’ is described as below.  
-
powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
It seems that there is a mismatch between RAN1 and RAN2 due to the following agreements which were agreed in RAN1 #90bis and #91 meeting [3][4]. RAN1 had sent an incorrect RRC parameter description to RAN2.
Agreements:  
	RRC Parameter Name
	Description
	Value range / Sub-parameters

	Pc_PDSCH
	Power offset of NZP CSI-RS RE to PDSCH RE
	FFS


Agreement

Support reusing the allowed CSI-RS-to-PDSCH power offset values in LTE for NR. 
In addition, in LTE specification 36.213 section 7.2.5[5], power offset between PDSCH EPRE to CSI-RS EPRE is described as below.
· [image: image1.wmf]c
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is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the PDSCH EPRE to the cell-specific RS EPRE is denoted by [image: image2.wmf]A

r

, as specified in Table 5.2-2 and Table 5.2-3.

According to above discussion, RAN1 has to resend LS to correct description on NZP-CSI-RS-Resource IE RRC parameter ‘powerControlOffset’ to RAN2 to address this issue.
Proposal 1:
· Send a LS to RAN2 to correct ‘powerControlOffset’ description as ‘Power offset of PDSCH RE to NZP CSI-RS RE’.
In RAN1 #94bis meeting, there was a conclusion on the numerology of AP-CSI reporting associated measurement resources and the triggering PDCCH as below.
Conclusion

Triggering A-CSI reports whose measurement resources are with different numerology from that with PDCCH is not supported in Rel-15.
According to our understanding, for non-codebook based transmission, when an AP-SRS is associated a CSI-RS, same numerology for the CSI-RS and the triggering PDCCH also should be guaranteed.
Proposal 2:
· Triggering non-codebook AP-SRS with which the associated CSI-RS having different numerology from that of the PDCCH is not supported in Rel-15.
2.2. Maintenance for PTRS
In previous meetings, there was a discussion regarding to define UL transmission ports. In 38.211, the definition is as following:

-Antenna ports starting with 0 for PUSCH and associated demodulation reference signals

-Antenna ports starting with 1000 for SRS

-Antenna ports starting with 2000 for PUCCH

-Antenna port 4000 for PRACH

There are some misaligned usage of PUSCH antenna ports and DMRS antenna ports across 38.211 and 38.214. In 38.214, for single port transmission, the description is based on antenna port. 
	If PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on a single antenna port.


Moreover, for PTRS port association with DMRS port, SRS antenna port is directly used rather than PUSCH antenna port. However, SRS antenna port is starting with 1000, but not 0.
	For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or TRI in DCI format 0_1:
-
if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:

-
SRS port 0 and 2 in indicated TPMI share PT-RS port 0, and SRS port 1 and 3 in indicated TPMI share PT-RS port 1.
-
UL PT-RS port 0 is associated with the UL layer [x] of layers which are transmitted with SRS port 0 and SRS port 2 in indicated TPMI, and UL PT-RS port 1 is associated with the UL layer [y] of layers which are transmitted with SRS port 1 and SRS port 3 in indicated TPMI, where [x] and/or [y] are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 described in Subclause 7.3.1 of [5, TS38.212].


In our understanding, the reason to define PUSCH antenna port is because the ports after pre-coding 
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 and the DMRS ports before pre-coding [image: image4.wmf]{
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 are different. 
	The block of vectors 
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 shall be precoded according to
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where 
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. The set of antenna ports 
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 shall be determined according to the procedure in [6, TS 38.214]. 


	The intermediate quantity [image: image12.png]


 shall be precoded, multiplied with the amplitude scaling factor [image: image13.wmf]DMRS
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 in order to conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to
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where 

-
the precoding matrix 
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 is given by clause 6.3.1.5, 

-
the set of antenna ports 
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 is given by clause 6.3.1.5, and

-
the set of antenna ports [image: image17.wmf]{
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 is given by [6, TS 38.214];


It should be clarified that PUSCH antenna port means antenna port after precoding defined in 38.211. Based on such understanding, for codebook based UL transmission, the port index should be aligned with SRS port index rather than DMRS antenna port. For non-codebook based UL transmission, because the corresponding SRS resource only has one SRS port, and the PUSCH antenna port after precoding is in fact associated with antenna port of different SRS resources, it is hard to reuse the same port index as SRS resource. Based on these understanding, defining a separate set of port index for PUSCH antenna port would be an easier way applicable for both codebook based and non-codebook based UL transmission, and PUSCH antenna port starting with 3000 is supported.
Consequently, for PTRS port determination for partial-coherent and non-coherent codebook based UL transmission, we propose change SRS port to PUSCH port 3000~3003.

Proposal 3:
· For partial-coherent and non-coherent codebook based UL transmission, PTRS port(s) are associated with PUSCH port(s) 3000~3003, and the accompanying draft CR 1 is supported.

2.3. Maintenance for QCL
Current specification does not preclude the possibility of configuring aperiodic signal as the QCL source for PDCCH. Aperiodic TRS and CSI-RS are both triggered by DCI. If the aperiodic RS are configured for PDCCH reception, when UE misses the DCI grant of the aperiodic signal, UE may use another aperiodic CSI-RS or TRS that dates back quite long time ago as the QCL source.  There are two ways to make it work,
· UE is not expected to be configured with aperiodic RS as the QCL source for the PDCCH.

· Remove the possibility of association with RS transmission long time ago. Considering the fact that the major motivation for aperiodic TRS or CSI-RS is to use the signal as often as possible with low overhead, UE should assume within an X window there must be an aperiodic RS. X is the same as the periodicity of the periodic RS associated with the aperiodic RS through QCL configuration. For aperiodic TRS, such association always exists. For aperiodic CSI-RS, there is a QCL chain to a periodic signal, e.g. an SSB or a periodic CSI-RS. Such periodic signals should be used as the backup signal when UE does not detect any aperiodic signal within above mentioned X window. 

We have shown our preference in the past a few meetings that aperiodic RS are not used as the QCL source for the PDCCH. But it seems that companies still want to use it. At least some rules need to be defined to avoid the case that UE trace back to TRS or CSI-RS long time ago.

Proposal 4: 

· UE is not expected to use the aperiodic TRS earlier than the most recent occasion of the periodic TRS as QCL source for PDCCH reception. 

· UE is not expected to use aperiodic CSI-RS earlier than all of the latest occasion of its possible QCL source for PDCCH reception.
3. Conclusion
In this contribution, we present our view on remaining issues on CSI-RS, PTRS and SRS. Following proposals were made.

Proposal 1:
· Send a LS to RAN2 to correct ‘powerControlOffset’ description as ‘Power offset of PDSCH RE to NZP CSI-RS RE’.
Proposal 2:
· Triggering non-codebook AP-SRS with which the associated CSI-RS having different numerology from that of the PDCCH is not supported in Rel-15.
Proposal 3:
· For partial-coherent and non-coherent codebook based UL transmission, PTRS port(s) are associated with PUSCH port(s) 3000~3003, and the accompanying draft CR 1 is supported.

Proposal 4: 

· UE is not expected to use the aperiodic TRS earlier than the most recent occasion of the periodic TRS as QCL source for PDCCH reception. 

· UE is not expected to use aperiodic CSI-RS earlier than all of the latest occasion of its possible QCL source for PDCCH reception.
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