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1 Introduction

In this contribution, the remaining issues on reference signals and QCL are discussed and the corresponding text proposals are provided. 
2 Discussion and text proposals

2.1 CSI-RS

2.1.1 Text proposal #1: Power ratio between CSI-RS and PDCCH
In 38.214, for PDCCH EPRE, it is defined that PDCCH EPRE equals to a ratio (of PDCCH and CSI-RS) value, which does not make sense logically. The downlink PDCCH EPRE in section 4.1 is only used for hypothetical BLER calculation to detect possible beam failure, which does not affect the actual power allocation for CSI-RS or PDCCH. We provide the following text proposal.
	Text proposal in 38.214[2]
< Start of the text proposal >

4.1
Power allocation for downlink 

The gNodeB determines the downlink transmit EPRE.

< Unchanged parts are omitted >

The ratio of the PDCCH EPRE to NZP CSI-RS EPRE is assumed to be 0 dB, which is used for calculation of BLER of hypothetical PDCCH described in [11, TS 38.133].

< End of the text proposal >


2.1.2 Text proposal #2: Transmit power indication for NZP CSI-RS

There is collision in 38.214 for the definition of Pc, i.e., powerControlOffset. For the TRS (CSI-RS for tracking), there is configuration for Pc described in Section 5.1.6.1.1 in 38.214 as follows:

“-
same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.”
However, Pc (powerControlOffset) is defined only for “UE derives CSI feedback” in Section 5.2.2.3.1 in 38.214 as follows:

“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.”
While TRS cannot be used for CSI feedback, the condition of “when UE derives CSI feedback” should be revised.

	Text proposal in 38.214[2]
< Start of the text proposal >

5.2.2.3.1
NZP CSI-RS

The UE can be configured with one or more NZP CSI-RS resource set configuration(s) as indicated by the higher layer parameters CSI-ResourceConfig, and NZP-CSI-RS-ResourceSet. Each NZP CSI-RS resource set consists of K≥1 NZP CSI-RS resource(s).

The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via the higher layer parameter NZP-CSI-RS-Resource for each CSI-RS resource configuration:

<Unchanged parts are omitted>

-
powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback or when the CSI-RS resource in a NZP-CSI-RS-ResourceSet is configured with higher layer parameter trs-Info and takes values in the range of [-8, 15] dB with 1 dB step size.

< End of the text proposal >


2.1.3 Text proposal #3: Rate Matching of CSI-RS
One of remained issues for CSI-RS is whether rate matching should be performed if the configured NZP CSI-RS is periodic/semi-persistent/aperiodic. In clause 7.3.1.5 in 38.211 for PDSCH resource mapping, the PDSCH can be mapped to the REs
“not used for non-zero-power CSI-RS according to clause 7.4.1.5, except for non-zero-power CSI-RSs configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE.”
The mentioned clause 7.4.1.5 describes resource elements for general CSI-RS resources. However, the following agreement has been reached at last meeting [3]:
Agreement

· UE does not perform rate matching nor assumes puncturing on PDSCH REs overlapped with the REs for the triggered aperiodic NZP CSI-RS resource

· UE does not rate match PDSCH around the overlapped aperiodic ZP-CSI-RS resource scheduled by a DL DCI other than the one which scheduled this PDSCH

It has been captured in Section 5.2.1.5.1 in 38.214:
“The REs corresponding to aperiodic NZP CSI-RS triggered by the CSI request are available for PDSCH.”
Thus, it also should be reflected in Section 7.3.1.5 of TS38.211. We propose the following text proposal:
	Text proposal in 38.211[1] 
< Start of the text proposal >

7.3.1.5
Mapping to virtual resource blocks

The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols [image: image2.png]y?2(0), ..., y*#)
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 conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with [image: image4.png]y'?)(0)
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 in the virtual resource blocks assigned for transmission which meet all of the following criteria: 

-
they are in the virtual resource blocks assigned for transmission. 

-
they are declared as available for PDSCH according to clause 5.1.4 of [6, TS 38.214]

-
the corresponding resource elements in the corresponding physical resource blocks are

-
not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2

-
not used for non-zero-power CSI-RS according to clause 7.4.1.5, except for non-zero-power CSI-RSs configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE and aperiodic CSI-RS according to clause 5.2.1.5.1 of [6, TS 38.214].

-
not used for PT-RS according to clause 7.4.1.2

-
not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214]

< End of the text proposal >


2.1.4 Discussion on functionalities of CSI-RS
After last meeting, one issue regarding CSI-RS resource configuration is remained for further discussion [3].
For further discussion until the next RAN1 meeting:

UE is not expected to be configured with NZP-CSI-RS resource(s) without functionality

· FFS on whether specification change is needed

For reference the following is provided for consideration until the next RAN1 meeting

A configured NZP-CSIRS resource falls under at least one of the cases below:

1) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set with a configured field “repetition” or “trs-info”

2) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set which is included by a configured CSI-ResourceConfig included in a configured CSI-ReportConfig

3) a NZP-CSI-RS resource is included in a configured “RadioLinkMonitoringRS” IE

4) a NZP-CSI-RS resource is included in a configured PUSCH-PathlossReferenceRS

5) a NZP-CSI-RS resource is included in a configured PUCCH-PathlossReferenceRS

6) a NZP-CSI-RS resource is included in a configured SRS-ResourceSet 

7) a NZP-CSI-RS resource is included in a configured "SRS-SpatialRelationInfo"
In general, the gNB would configure an NZP CSI-RS resource to a UE with certain functionality. While in some cases, when a single RRC message size is limited [6], the gNB would have to split the configuration information into several packages. Since the gNB may configure associated functionality with the NZP CSI-RS with different RRC messages, adding extra restriction would only restrict gNB’s flexibility and make no difference to the UE’s storage. 

Except the functionalities listed from 1) to 7), the remained expected UE behavior for a NZP CSI-RS is for rate matching. If a periodic/semi-persistent NZP CSI-RS is configured, the UE is expected to conduct rate matching on all resource elements defined in clause 7.4.1.5 in 38.211. For rate matching, limited by UE capability 3-33a, the number of NZP CSI-RS resources is limited as well. Thus a gNB would not configure too many useless NZP CSI-RS resources, to avoid exceeding UE capability 2-33a.
	#
	Feature group
	Components
	RAN WG recommendation

	2-33a
	Supported PDSCH RE-mapping patterns

Note: this FG will be moved to 5-x family
	1. Supported max # of RE mapping patterns, each pattern can be described as a  RS resource (including NZP/ZP CSI-RS and CRS and bitmap configured in 5-26/27)

Note: patterns are counted as per symbol per CC 

2. Supported max # of RE mapping patterns, each pattern can be described as a  RS resource (including NZP/ZP CSI-RS and CRS and bitmap configured in 5-26/27)

Note: patterns are counted as per slot per CC
	candidate values: {10, 20} for FR1

{6, 20} for FR2

Compponent-2 candidate values: {from 16: 16: 256 } for FR1

{16: 16: 256} for FR2




Proposal 1: No spec change is needed for NZP CSI-RS resources with or without functionality.
2.2 DMRS
2.2.1 Text proposal #4: DM-RS configuration for MU-MIMO
For MU-MIMO pairing, the configuration for DMRS is restricted by number of front-loaded DMRS symbols, number of additional DMRS, and DMRS symbol location, configuration type as following in Section 5.1.6.2 of TS 38.214:
“The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the actual number of front-loaded DM-RS symbol(s), the number of additional DM-RS, the DM--RS symbol location, and DM-RS configuration type as described in Subclause 7.4.1.1 of [4, TS 38.211].”

However for MU pairing, the number of DMRS CDM group(s) without data for different UEs also should be the same, otherwise it will be a waste of resources or introduce additional interferences on DMRS. So, we have the following text proposal:
	Text proposal in 38.214[2]
< Start of the text proposal >
5.1.6.2
DM-RS reception procedure
< Unchanged parts are omitted >

The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the actual number of front-loaded DM-RS symbol(s), the number of additional DM-RS, the DM-RS symbol location, number of DMRS CDM group(s) without data and DM-RS configuration type as described in Subclause 7.4.1.1 of [4, TS 38.211].

< End of the text proposal >


2.3 PT-RS

2.3.1 Text proposal #5: PT-RS allocation
It was discussed in RAN1#94 how to set the default MCS threshold for determining PTRS presence with MCS Table 5.1.3.1-3. As this MCS table is for URLLC, we asked for more time to check. After some checking, we think it is fine to follow the same principle as in eMBB case. We then propose the following text proposal:
	Text proposal in 38.214[2]
< Start of the text proposal >

5.1.6.3
PT-RS reception procedure

< Unchanged parts are omitted >
-
otherwise, if neither of the additional higher layer parameters timeDensity and frequencyDensity are configured and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2, and the UE shall assume PT-RS is not present when

-
the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or

-
the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or 
-
the scheduled MCS from Table 5.1.3.1-3 is smaller than 15, or
-
the number of scheduled RBs is smaller than 3
-
otherwise, if the RNTI equals RA-RNTI, SI-RNTI, or P-RNTI, the UE shall assume PT-RS is not present 

< End of the text proposal >


2.4 SRS

2.4.1 Text proposal #6: Editorial correction on SRS time domain configuration 

In last meeting [3], it was agreed that,
“The UE is not expected to be configured with different time domain behavior for SRS resources in the same SRS resource set. The UE is also not expected to be configured with different time domain behavior between SRS resource and associated SRS resources set.”
The wording results in vagueness, that the restriction may be applied to exact values of periodicity, slot offset, etc. We can avoid it by simply adding options in bracket, as follows.
	Text proposal in 38.214[2]
< Start of the text proposal >

6.2.1
UE sounding procedure

< Unchanged parts are omitted >
The UE is not expected to be configured with different time domain behavior ('periodic', 'semi-persistent', 'aperiodic') for SRS resources in the same SRS resource set. The UE is also not expected to be configured with different time domain behavior between SRS resource and associated SRS resources set.
< End of the text proposal >


2.4.2 Text proposal #7: Editorial correction on SRS frequency domain configuration 
In last meeting [3], it was agreed to modify the description of SRS frequency domain shift parameter in 38.211,
Agreement

Text proposal on SRS resource configuration in 38.211 version 15.2.0
< Start of the text proposal >

6.4.1.4
Sounding reference signal

< Unchanged parts are omitted >

The frequency-domain starting position [image: image7.wmf]()
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The frequency domain shift value [image: image10.wmf]shift
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 adjusts the SRS allocation to align with respect to the common resource block grid in multiples of four and is contained in the higher-layer parameter freqDomainShift in the SRS-Config IE. The transmission comb offset [image: image11.wmf]{
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 is contained in the higher-layer parameter transmisisonComb transmissionComb in the SRS-Config IE and [image: image12.wmf]b
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 is a frequency position index.

< End of the text proposal >
Based on above agreement and latest version of 38.211, relevant description in 38.214 shall be updated accordingly and therefore we have following TP proposal for better text alignment.
	Text proposal in 38.214[2]
< Start of the text proposal >

6.2.1
UE sounding procedure

< Unchanged parts are omitted >
-
Defining frequency domain position and configurable shift, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
< End of the text proposal >


2.4.3 Text proposal #8: Clarification on SRS frequency domain location 
For SRS, the reference point is not defined yet. Since the frequency domain position is computed based on both freqDomainPosition and freqDomainShift, we can simply define the reference point of frequency starting position
[image: image13.wmf]()
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	Text proposal in 38.211[1] 
< Start of the text proposal >

6.4.1.4.3
Mapping to physical resources

< Unchanged parts are omitted >
The frequency-domain starting position 
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The frequency domain shift value 
[image: image17.wmf]shift

n

 adjusts the SRS allocation with respect to the common resource block grid and is contained in the higher-layer parameter freqDomainShift in the SRS-Config IE. The transmission comb offset 
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< End of the text proposal >


2.4.4 Text proposal #9: SRS configuration restriction for antenna switching
In 38.214, it is specified that, 

“If the indicated UE capability is '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE shall not expect to be configured or triggered with more than one SRS resource set in the same slot. If the indicated UE capability is 'T=R,' the UE shall not expect to be configured or triggered with more than one SRS resource set in the same symbol.”
This description should be further modified to align with the original agreement,
Agreement[4]
>>> Text proposal for 38.214 Section 6.2.1.2 >>>

When UE antenna switching is enabled by the higher layer parameter SRS-SetUse set as 'antenna switching' for a UE that supports transmit antenna switching, a UE may be configured with one of the following configurations depending on the UE capability:

-
up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has with two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and where the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or
-
up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has with two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and where the SRS port pair of the second resource in the set is associated with a different UE antenna port pair than the SRS port pair of the first resource in the same set, or


-
up to one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to “periodic” or “semi-persistent”, withwith four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and where the SRS port of each resource in the set is associated with a different UE antenna port, and or 

zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to “aperiodic” and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet, or, 
-
up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4
and a guard period of Y symbols, where the UE does not transmit any other signal, is used in the case the SRS resource of a set are transmitted in the same slot. In this case, the guard period is in-between the SRS resources of the set. 

If the UE indicates support of “1T4R/2T4R” antenna switching and is configured with SRS sets with SRS-SetUse set as “antenna switching”, the UE is only expected to be configured with same number of SRS ports, either one or two, for all SRS resources in the sets. 

The UE does not expect to be configured or triggered more than one SRS resource set with SRS-SetUse set as “antenna switching” in the same slot, if the UE indicates support of “1T2R, 1T4R, 2T4R, or 1T4R/2T4R” antenna switching, otherwise the UE does not expect to be configured or triggered more than one SRS resource set with SRS-SetUse set as “antenna switching” in the same symbol. 

The corresponding text proposal is as follows,
	Text proposal in 38.214[2]
< Start of the text proposal >

6.2.1.2
UE sounding procedure for DL CSI acquisition
< Unchanged parts are omitted >
If the indicated UE capability is '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE shall not expect to be configured or triggered with more than one SRS resource set with usage set to 'antennaSwitching' in the same slot. If the indicated UE capability is 'T=R', the UE shall not expect to be configured or triggered with more than one SRS resource set with usage set to 'antennaSwitching' in the same symbol.
< End of the text proposal >


2.4.5 Text proposal #10: SRS dropping rule 
In last meeting [3], it was agreed that,

 Agreement

SRS dropping rule for same carrier 

Aperiodic SRS resources > Semi-persistent SRS resources > Periodic SRS

o   FFS: Whether Dropped SRS resource shall be at resource level or symbol level
One of remained issues for SRS is whether symbol level or resource level dropping shall be applied. If collided SRS resources occupy only one symbol length, it does not make difference. However, when a SRS resource occupies more than one symbol, there’s slight difference between the two methods.
As Figure 1 shows, a periodic SRS resource 0 spans symbol #8 to symbol #11, and triggered aperiodic SRS resource 1 stars to be transmitted at symbol #10. If method 1(symbol level dropping) is applied, since the periodic SRS resource would be dropped only on overlapped symbols, the UE just needs to make the decision of collision before the overlapped symbols. If method 2 (resource level dropping) is applied, the UE needs to make the decision before periodic and aperiodic SRS resource transmission. In this example, the UE shall determine before symbol #8, and the preparation time between DCI and aperiodic SRS is reduced.  
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Figure 1 Illustration of SRS dropping methods
In conclude, two methods may result in different preparation timeline, with up to 3 OFDM symbols difference. Considering this, we propose following text proposal.
	Text proposal in 38.214[2]
< Start of the text proposal >

6.2.1
UE sounding procedure

< Unchanged parts are omitted >
In case a SRS resource with SRS- resourceType set as ‘aperiodic’ is triggered on the OFDM symbol configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and not transmit the periodic/semi-persistent SRS resource(s) overlapping within the symbol. In case a SRS resource with SRS- resourceType set as ‘semi-persistent’ is triggered on the OFDM symbol configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and not transmit the periodic SRS resource(s) overlapping within the symbol. In case a SRS resource with SRS- resourceType set as ‘aperiodic’ is triggered on the OFDM symbol configured with periodic SRS transmission, the UE shall transmit the aperiodic SRS resource and not transmit the periodic SRS resource(s) overlapping within the symbol.
< End of the text proposal >


2.4.6 Text proposal #11: SRS dropping rule 

It was agreed in RAN1#93 meeting [4] that,

Agreements:
· The UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA 
· Note: no spec change is needed. 

· Parallel SRS and PUCCH/PUSCH transmissions across CCs is supported in inter-band CA. 

· Note: if case parallel SRS and PUCCH/PUSCH is supported, the SRS resource does not belong to a set which is for antenna switching, if the SRS resource set for antenna switching has more than one SRS resource (T < R)

· Supporting of this feature is subject to UE capability which is a separate capability
Agreements:
· Parallel PRACH and SRS/PUCCH/PUSCH transmissions across CCs is supported in inter-band CA
· Supporting of this feature is subject to UE capability which is a separate capability

In current spec, the configuration restriction is not aligned with its condition. We provide the modification as follows.
	Text proposal in 38.214[2]
< Start of the text proposal >

6.2.1
UE sounding procedure

< Unchanged parts are omitted >
In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PUCCH/PUSCH transmissions are not allowed, a UE is not expected to be configured with SRS and PUSCH/UL DM-RS/UL PT-RS/PUCCH formats in the same symbol.

In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PRACH transmissions are not allowed, a UE shall not transmit simultaneously SRS resource(s) and PRACH.
< End of the text proposal >


2.4.7 Text proposal #12: SRS triggering time interval
In last meeting [3], the following agreement was achieved,
Agreement

· For SRS for CB PUSCH and antenna switching on FR1, the minimal time internal between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 symbols 

· Support of zero slot offset for aperiodic SRS triggering is UE capability

· The time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between PDCCH and SRS

Above agreement does not change the switching time for SUL/UL 

Above agreement only affects UE capability signalling from RAN2 perspective
One remaining detail is for antenna switching in FR2. Since 42 symbols are originally designed for the UE to determine SRS precoders from CSI-RS, it seems to be incorrect to postpone SRS antenna switching with 42 symbols. 
N2 has been assumed to be the minimal time interval for SRS resources used for codebook based PUSCH and antenna switching in FR1. The difference between SRS for codebook transmission and antenna switching is that, for antenna switching, time gap may be needed in case there’s PUSCH/PUCCH/SRS transmission before the triggerred SRS. According to the approved LS from RAN4[5],  

“For 15kHz SCS, the performance loss in the transient period due to antenna switching could be mitigated with specific implementation consideration. For 30kHz SCS, as the transient period with antenna switching is about half a symbol, the performance loss may have impact on demodulation of this symbol. For 60kHz SCS, a blanked symbol between PUCCH/PUSCH and SRS for antenna switching would be helpful to guarantee the performance. 

For FR2, same 15us antenna switching time as FR1 can be applied since RAN4 has not discussed SRS switching for FR2. RAN4 will discuss if the switching time can be zero or shorter than 15us in next RAN4 meeting and come back with another reply to original LS.”
In FR2, the same, or even shorter time is needed as a gap between SRS and other channels. Thus, the triggering time in FR2 can be the same for antenna switching and codebook based PUSCH. 

In FR2, the number of N2 is enough. For some cases, e.g. where PDCCH ends at symbol # 2, after N2 symbols, there are not enough symbols for aperiodic antenna switching, which requires at least 3 symbols in one slot. Then the actual configurable slot offset is deferred with one slot. Taking Figure 2 as an exmaple. If N2 is applied, for 3-symbol CORESET, available symbols after N2 symbols is 2 symbols in the slot for 60k SCS. It is obviously not enough for SRS transmission with antenna. Thus, the SRS is transmitted in the next slot. The timeline will be automaticallly extended, which gives more freedom for the UE. If N2+42 is applied, it is likely that one more slot (delay) may be required due to limited UL symbols avaiable in given slot for antenna switching. 
Based on above analsys, N2 is sufficient for SRS antenna switching preparation in FR2. 
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Figure 2 Illustration of SRS for antenna switching in FR2
	Text proposal in 38.214[2]
< Start of the text proposal >

6.2.1
UE sounding procedure

< Unchanged parts are omitted >
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
-
the UE receives a configuration of SRS resource sets,
-
the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). The minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2, for which the minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS. 
< End of the text proposal >


2.5 Conclusion
In this contribution, we discussed the remaining issues, and have the following proposal,

Proposal 1: No spec change is needed for NZP CSI-RS resources with or without functionality.
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