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1	Introduction
Maintenance for RS and QCL is provided.
[bookmark: _Ref178064866]2	Identified essential corrections
2.1 	DMRS
The DMRS scrambling initialization for DCI format 0_0 with CS-RNTI is missing.

[bookmark: _Toc521687669]In 38.211, fix the missing DMRS scrambling initialization for DCI format 0_0 scrambled with CS-RNTI.
A text proposal implementing this proposal is as follows:

<<< Begin TP for 38.211 >>>>
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot,  is the slot number within a frame, and

-	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_1; 

-	 is given by the higher-layer parameter scramblingID0 in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C-RNTI or CS-RNTI;

-	 otherwise. 
The quantity  is indicated by the DM-RS initialization field, if present, in the DCI associated with the PUSCH transmission if DCI format 0_1 in [4, TS 38.212] is used, otherwise .
<<< End TP for 38.211 >>>>
2.2        CSI-RS
2.2.1	Time Domain Position of CSI-RS Resource
In RAN1#93 the agreement shown below was made to correct an error in 38.331. We note that there are two RRC parameters that control the time domain position of a CSI-RS resource, firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2. The agreement applied to the latter. The first parameter has a value range 0 .. 13, i.e., the first symbol may be located anywhere in the slot. The second parameter now has value range 2 .. 12 to reflect that the position of a potential second pair of symbols (for the case of a 4-symbol resource) can never start earlier than symbol 2 or later than symbol 12 and still be in the same slot. 
Agreement:
Suggest RAN2 to change the value range of firstOFDMSymbolInTimeDomain2 as from 2 to 12 and include as part of an LS to RAN2.
In the spec update of 38.211 that occurred after RAN1#93, an error was introduced such that the first parameter also got changed to a value range of 2 .. 12, so now 38.331 and 38.211 are not aligned. This was clearly a typo and needs to be corrected. Hence we propose the following:
[bookmark: _Toc521687268][bookmark: _Toc521687670]In 38.211, change the value range of the time domain location of the first OFDM symbol of a CSI-RS resource back to .
A text proposal implementing this proposal is as follows:
>>> Text Proposal for 38.211 Section 7.4.1.5.3 >>>
The time-domain locations   and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE and defined relative to the start of a slot.
>>> End Text Proposal >>>
2.2.3	Ratio of PDCCH to CSI-RS EPRE
In RAN1#91, the following agreement was made:
Agreement:
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS
Then in RAN1 NR AH1801, the following agreement was made:
Agreement:
Remove Pc-PDCCH from RRC parameter list for NZP-CSI-RS and add clarification on 0dB power offset between CSI-RS for beam failure detection and PDCCH DMRS
Finally, the following agreement was made in RAN1 #93
Agreements:
· For connected mode, no explicit EPRE offset between SSS and PDCCH is specified by RAN1 in Rel-15.
· Note: the EPRE offset between SSS and PDCCH may be implicitly derived from other parameters, e.g. power offset of SSB to NZP CSI-RS and power offset of NZP CSI-RS to PDCCH. This does not mandate any gNB behaviour.
We observe that a power offset between CSI-RS and PDCCH has been captured in 38.214 in Section 4.1.4 which describes the power allocation for the downlink. Our understanding of the intention of the above agreements was to allow the UE to make an assumption on the power offset for the purposes of computation of BLER on a hypothetical PDCCH in order to detect possible beam failure. The 0 dB offset was not meant to affect the actual power allocation for the downlink. We also note that the CSI framework includes the possibility to set the power offset between CSI-RS and PDSCH on a per CSI-RS resource basis. The RRC parameter controlling this is powerControlOffset. This flexibility is useless if the power offset between the PDCCH and any CSI-RS resource is fixed to 0dB in the standard and it will seriously limit the possible deployments of NR, such as heterogeneous deployments.

Hence we propose the following
[bookmark: _Toc513798907][bookmark: _Toc513799036][bookmark: _Toc521687269][bookmark: _Toc521687671]Remove the statement about the ratio of PDCCH to CSI-RS EPRE in Section 4.1.4 of 38.214.  Send an LS to RAN4 requesting that the 0 dB power offset assumption for computation of BLER on a hypothetical PDCCH is moved to 38.133.
A text proposal implementing the specification related parts of this proposal is as follows:
>>> Text Proposal for 38.214 Section 4.1.4 >>>
The downlink PDCCH EPRE is assumed as the ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value of 0 dB.
>>> End Text Proposal >>>
2.3        QCL
Figure 1 shows the previously agreed and specified QCL linkages between various reference signals, where in this diagram CSI-RS (BM), CSI-RS (CSI), and CSI-RS (TRS) represent CSI-RS configured for the purposes of beam management, CSI acquisition, and tracking, respectively. The red color indicates a missing linkage as discussed below.
Since the primary mechanism of indicating QCL is through signalling of TCI states either by RRC, MAC-CE, or DCI, an agreement was made in RAN1#93 on capturing these QCL linkages in a table populated with potential TCI state configurations with which the UE shall expect to be configured (see Agreement #1 in the Appendix).

[image: ]
[bookmark: _Ref521067037]Figure 1: Previously agreed QCL linkages with proposed addition (in red) 
The intention of the agreement from RAN1#93 was to enable the TRS (which was designed specifically to provide the needed accuracy for T/F tracking) from which the UE obtains time and frequency sync to act as a kind of “hub” from which it may obtain not only time/frequency QCL parameters (QCL-TypeA), but also spatial QCL parameters (QCL-TypeD) for the demodulation of PDSCH and PDCCH. 
This is ensured by the following valid TCI state configuration for both PDSCH DMRS and PDSCH DMRS as the target RS. We note that this is also a valid TCI state configuration for signalling the source QCL for a target CSI-RS (BM) (see the blue circles in Figure 1). 
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD



As long as QCL-TypeD is not applicable, using TRS as a “hub” is indeed possible: TRS can be used as a QCL source for PDCCH, PDSCH, CSI-RS (BM) and CSI-RS (CSI). Unfortunately, there seems to have been an oversight that when QCL-TypeD is applicable, the same hub cannot be used for CSI-RS (CSI): currently, TRS is not a valid source for QCL-TypeD for CSI-RS (CSI).
A QCL-TypeD link is missing between TRS and CSI-RS (CSI)
If this link is added (see red text in Figure 1) then the same TCI state configuration as shown above can be used to signal QCL for a target CSI-RS (CSI), also when QCL-TypeD is applicable.
Without this addition, one is forced to configure a separate TCI state just for signalling the QCL source(s) to a CSI-RS (CSI) which is overly complicated and consumes unnecessary states, especially if a UE has capability for a limited number of TCI states. 
According to Agreement #1 in the Appendix, this separate state would have either of the following forms:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1**
	TRS
	QCL-TypeA
	SS/PBCH Block
	QCL-TypeD

	2**
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD


  
The problem is that if the number of reference signals (SSBs and/or CSI-RS (BM)) used for beam management purposes is large, it leads to a large number of redundant TCI state configurations just for the purposes of signalling QCL for CSI-RS (CSI). This is over and above the TCI states that are already need for signalling the QCL source for TRS itself. This can lead to either a limit on the number of beams that can be used since the maximum number of configured TCI states is only 64, or frequent RRC re-configurations as the UE moves around in a cell. Neither is desirable and is a consequence of this. Fortunately, this problem is easily solved by adding the missing QCL-TypeD link as shown in red in Figure 1. Hence, we propose the following. 
[bookmark: _Ref521489061][bookmark: _Toc521687270][bookmark: _Toc521687672]The following QCL signalling is supported: QCL-TypeA + QCL-TypeD for TRS  CSI-RS (CSI)
We observe that since the CSI-RS (CSI) is used to predict the quality of the PDSCH, it is very natural that the UE uses the same QCL assumption for the CSI-RS (CSI) and the PDSCH DMRS, and this proposal enables common QCL signalling to be consistent with this observation. Clearly, signalling different QCL assumptions for these two reference signals would imply that the large-scale properties of the corresponding two channels are different, which is counterintuitive.
A text proposal implementing Proposal 3 is as follows:
>>> Text Proposal for 38.214 Section 5.1.5 >>>
For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with an SS/PBCH block , or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeB' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info when 'QCL-TypeD' is not applicable.
>>> End Text Proposal >>>
[bookmark: _In-sequence_SDU_delivery]3	Conclusions
Based on the discussion in this paper we propose the following:
Proposal 1		In 38.211, fix the missing DMRS scrambling initialization for DCI format 0_0 scrambled with CS-RNTI.
Proposal 2		In 38.211, change the value range of the time domain location of the first OFDM symbol of a CSI-RS resource back to .
Proposal 3		Remove the statement about the ratio of PDCCH to CSI-RS EPRE in Section 4.1.4 of 38.214.  Send an LS to RAN4 requesting that the 0 dB power offset assumption for computation of BLER on a hypothetical PDCCH is moved to 38.133.
Proposal 4		The following QCL signalling is supported: QCL-TypeA + QCL-TypeD for TRS  CSI-RS (CSI)

4	Appendix
Agreement #1
Note: For all the tables below, if a row has the same RS type, same RS ID should be assumed.
If a CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE should only expect the following two possible configurations of the higher layer parameter TCI-State:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1*
	SS/PBCH Block
	QCL-TypeC
	SS/PBCH Block
	QCL-TypeD

	2*
	SS/PBCH Block
	QCL-TypeC
	CSI-RS (BM)
	QCL-TypeD


* If QCL type-D is applicable, DL RS2 and QCL type-2 shall be configured for the UE

If a CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without repetition, the UE should only expect the following three possible configurations of the higher layer parameter TCI-State:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1**
	TRS
	QCL-TypeA
	SS/PBCH Block
	QCL-TypeD

	2**
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3*
	TRS
	QCL-TypeB
	
	


* If QCL type-D is not applicable
** If QCL type-D is applicable, DL RS2 and QCL type-2 shall be configured for the UE

If a CSI-RS resource in a NZP-CSI-RS-ResourceSet is configured with higher layer parameter repetition, the UE should only expect the following three configurations of the higher layer parameter TCI-State:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD

	2
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3
	SS/PBCH Block
	QCL-TypeC
	SS/PBCH Block
	QCL-TypeD



For the next two tables, if QCL type-D is applicable, DL RS2 and QCL type-2 shall be configured for the UE except for the default case (fourth row in the two tables below). If TRS for downlink is used for QCL type-D, the TRS must have an SSB or CSI-RS for BM as source RS for QCL type-D.

For the DM-RS of PDCCH, the UE should only expect the following three configurations of the higher layer parameter TCI-State while the fourth configuration is valid as default, before TRS is configured:
	Valid TCI state Configuration
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD

	2
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3**
	CSI-RS (CSI)
	QCL-TypeA
	
	

	4*
	SS/PBCH Block*
	QCL-TypeA
	SS/PBCH Block*
	QCL-TypeD


* Before TRS configured. Note: this is not a TCI state, rather a valid QCL assumption
**Note: Only when QCL type-D is not applicable

For the DM-RS of PDSCH, the UE should only expect the three following configurations of the higher layer parameter TCI-State while the fourth is valid by default, before TRS is configured:
	v
	DL RS 1
	qcl-Type1
	DL RS 2 (if configured)
	qcl-Type2 (if configured)

	1
	TRS
	QCL-TypeA
	TRS
	QCL-TypeD

	2
	TRS
	QCL-TypeA
	CSI-RS (BM)
	QCL-TypeD

	3**
	CSI-RS (CSI)
	QCL-TypeA
	CSI-RS (CSI)
	QCL-TypeD

	4*
	SS/PBCH Block*
	QCL-TypeA
	SS/PBCH Block*
	QCL-TypeD


* Before TRS configured. Note: this is not a TCI state, rather a valid QCL assumption
** Note: QCL parameters may not be derived directly from CSI-RS (CSI)
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