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Introduction
In this contribution, we raise a few important issues that need to be solved regarding the reference signals and QCL for NR Rel-15.  
DM-RS
Co-scheduled UE assumption for DMRS processing
In MU-MIMO, for a UE to be able to estimate the MU-MIMO paired ports, knowledge of the DMRS pattern of the co-scheduled ports is necessary. For this reason, it has been agreed that the configuration for DMRS between two co-scheduled UEs is required to be the same with respect to the number of front-loaded DMRS symbols, number of additional DMRS, and DMRS symbol location, configuration type. However, the DMRS to PDSCH EPRE ratio is dependent on the number of the CDM groups without data, and this information should also be the same for a UE to perform efficient interference estimation of the co-scheduled ports. For this reason, we make the following proposal:
[bookmark: _Hlk525828552]Proposal 1: Agree with the following TP in Section 5.1.6.2 of 38.214:
	In Section 5.1.6.2 of 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, 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], and different PDSCH time domain allocation.



CSI-RS
Aperiodic NZP-CSIRS resources & PDSCH Rate matching
The following agreement was made in previous meeting:
	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



In the 38.214 specification Section 5.2.1.5.1, the above agreement was captured with the following text:
	The REs corresponding to aperiodic NZP CSI-RS triggered by the CSI request are available for PDSCH.



Yet, the above statement does not clarify the UE behavior, and it should be added in 38.211 in Section , as it is the case in LTE:

	LTE CR
Agreements
- The draft CR in R1-1808997 is endorsed.
- NOTE: For the scenario treated in R1-1808997, the UE may not perform puncturing (e.g. zero out LLRs) in REs that are not covered by the ZP CSI-RS in the downlink DCI but are indicated to be used for aperiodic NZP CSI-RS in the uplink DCI.




[bookmark: _Hlk525828566]Proposal 2:  Remove the following sentence from 38.214 Section 5.2.1.5.1 and update Section 7.3.1.5 in 38.211
	TP for 38.214, Section 5.2.1.5.1
The REs corresponding to aperiodic NZP CSI-RS triggered by the CSI request are available for PDSCH.
TP for 38.211, Section
[bookmark: _Hlk494185391]The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  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. 
[bookmark: _Hlk494798725]-	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 non-zero-power CSI-RS resources
-	not used for PT-RS according to clause 7.4.1.2
[bookmark: _Hlk494797914]-	not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214]



EPRE ratio of PDCCH to CSI-RS
On the EPRE ratio of PDCCH to CSI-RS, the current 38.214 specification writes that:
	Section 4.1, 38.214:
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.


During the previous specification update there was a discussion to update this sentence to make it applicable only for Beam Failure Recovery (BFR), e.g. as follows: “For the purpose of link recovery (as described in [6, TS 38.213]), the UE may assume that the ratio of downlink PDCCH EPRE to NZP CSI-RS EPRE takes the value of 0 dB”.
The following sets of agreements have been made regarding this topic:
	Agreement:
· A beam recovery request can be transmitted if the number of consecutive detected beam failure instance exceeds a configured maximum number 
· (Working assumption) If hypothetical PDCCH BLER is above a threshold, it is counted as beam failure instance 
· Note: Beam failure is determined when all serving beams fail
· The candidate beam can be identified when metric X of candidate beam is higher than a threshold 
· FFS: metric X
· 1 or 2 threshold values are introduced 
· If 2 thresholds are introduced, one is for SSB and the other is for CSI-RS
· One of the following alternatives will be down-selected in RAN1#91 
· Alt-1: Fixed value
· Alt-2: Configurable value by RRC signaling
· RAN2 should specify the RRC signaling to configuration of the threshold
· Note: for beam failure detection, the UE should aware the transmission power offset between CSI-RS and DMRS of PDCCH
· FFS other details.

	Agreement 
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS 



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 

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.



Based on the above, it is understandable that there has been a confusion on this topic.
· We have clearly agreed that for BFR, the UE may assume that the CSIRS to PDCCH power ratio is 0 dB.
· At the same time, there are two agreement that go beyond the BFR:
· “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”
· “a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS”

From UE perspective, being able to explicitly or implicitly assume a known ratio for the PDCCH to CSI-RS is important because the UE uses the TRS (which is a collection of CSI-RS resources) for AGC and SNR estimation for the PDCCH channel estimation block.  A similar discussion occurred in the initial access session where the ratio of PDCCH-DMRS and SSS was debated and eventually a range was agreed as a UE assumption:
	Agreements:
Update the previous agreements as follows:
· In initial cell selection and idle mode, the UE may assume that the EPRE offset between PDCCH DMRS and SSS in the QCL’ed SSB is in the range [X, Y]dB when PDDCH with CRC scrambled by SI-RNTI, P-RNTI and RA-RNTI, where X=-8 & Y=8


Based on the above, we make the following proposal:
[bookmark: _Hlk525828576]Proposal 3: For the EPRE ratio of PDCCH DMRS and CSI-RS resource:

	< Start of text proposal >
The ratio of the PDCCH EPRE to NZP CSI-RS EPRE is assumed to be 0 dB, when used for calculation of hypothetical PDCCH BLER described in [11, TS 38.133] and for the QCLed CSI-RS resource with Type-A.
< End of text proposal >



SRS
SRS of antenna switching
 “txSwitchImpactToRx” signalling
The current capability for SRS antenna switching in TS 38.331 is as follows: 

	FeatureSetUplink ::=					SEQUENCE {
	[…]	
	srs-TxSwitch						SRS-TxSwitch								OPTIONAL,
	[…]
}
SRS-TxSwitch ::=	SEQUENCE {
	supportedSRS-TxPortSwitch			ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, tr-equal},
	txSwitchImpactToRx					ENUMERATED {true}										OPTIONAL
}



This signalling implies, effectively, that per band in band combination, the UE signals the following capabilities:
1) What switching capability the UE supports (e.g. 1T2R, 1T4R, …)
2) Whether the switching impacts the UE receiver.

We would like to note that the capability txSwitchImpactToRx is ‘per band’ in current signalling. In general, performing Tx antenna switching in a TDD band will not affect the downlink, since transmission and reception in these bands are TDM – so the usefulness of this field is a bit doubtful.

[bookmark: _Hlk525725383]Note that in the feature list already sent from RAN1 to RAN2, the following entry is included:

	
	2-55
	
	SRS Tx switch
	1. Support SRS Tx port switch, 
2. Report whether the uplink TX switching impact to in a band
	2-53
	Yes
	SRS Tx Switch is not supported
	Type 3
	N.A.
	N.A.
	
	Component-2 is agreed with conditioned to RAN4’s decision.—
	RAN1/4
	Component-1 is a list of TRx  pairs, candidates are {“1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “T=R”}
Component-2: Candidate value set:, {yes, no},
	



In our view (and similar to LTE signalling), the sentence “downlink receiving in a band” means whether switching an antenna in a band B1 creates a glitch in band B2 (due to the tx antenna of B1 and rx antenna of B2 going through the same switch). This signalling was deemed necessary in LTE, especially for cases with FDD-TDD CA where the UE supports antenna switching in TDD bands but this switching disrupts the receiver in the FDD band(s). For further background on this discussion in RAN1, the reader is referred to R1-1712769, R1-1715264 and R1-1715335. The conclusion for LTE was as follows (which is implemented in RAN2 CR R2-1714036):

· For each band combination, signal which bands support Tx antenna selection. For each of the bands that support Tx antenna selection:
· For each uplink band, signal all the bands for which UL switches together (thus same port has to be enforced)
· For each uplink band, signal all the bands for which DL switches together (thus introducing a ‘glitch’ in the DL reception)



Note that this conclusion is reached based on RF considerations that, in general, would be similar for LTE and NR. This is also confirmed by LS from RAN4 (R1-1805817). Thus, we propose to adopt the same signalling for NR (including EN-DC). As an additional argument to introduce this modification, note that keeping the current signalling would have the following negative impacts:
· The field txSwitchImpactToRx is unusable, and does not provide information about whether a DL band is interrupted by switching UL. This is critical for TDD-FDD CA (or EN-DC).
· There is no information about whether multiple bands switch the uplink together. Due to lack of this signalling, the eNB has to assume that all uplink switch together (similar to LTE pre Rel-13), which will hinder the application of e.g. fast SRS sounding in NR bands with <15kHz numerology (since the LTE band switches together, the NR band cannot switch in the middle of a subframe)

Observation 1: Current signalling has the following limitations:
	- gNB has to assume that switching UL in a band may interrupt DL of any other band.
	- gNB has to assume that switching UL in a band switches the UL in all other bands.

[bookmark: _Hlk525725831]Proposal 4: For SRS antenna switching in NR and EN-DC, follow same mechanism as LTE as follows:
· For each band combination, signal which bands support Tx antenna selection (e.g. as indicated by the presence of field srs-TxSwitch in NR) . For each of the bands that support Tx antenna selection:
· For each uplink band, signal all the bands in the band combination for which UL switches together (thus same port has to be enforced)
· For each uplink band, signal all the bands in the band combination for which DL switches together (thus introducing a ‘glitch’ in the DL reception)
[bookmark: _Hlk525828719]
	Text Proposal for Section 6.2.1.3 of 38.214
For a UE configured with multiple component carriers, and for a first component carrier configured with UL in a first band and a second component carrier configured with UL in a second band that are signalled to switch together according to higher layer parameter ulSwitchTogether the UE is not expected to follow inconsistent transmissions related to antenna switching.
For a UE configured with multiple component carriers configured with UL in intra-band CA, the UE is not expected to follow inconsistent transmissions related to antenna switching.
For a UE configured with EN-DC, and for a first component carrier configured with UL corresponding to in an E-UTRA band and a second component carrier configured with UL in a NR band that are signalled to switch together according to higher layer parameter ulSwitchTogether, the UE is not expected to follow inconsistent transmissions related to antenna switching in E-UTRA and NR.
For a UE configured with intra-band EN-DC, the UE is not expected to follow inconsistent transmissions related to antenna switching in E-UTRA and NR.



SRS of antenna switching – UE capability
One of the issues is the unclarity regarding what ‘T=R’ setting means. Our proposal is that this should be clarified as follows: Clarify that ‘T=R’ means that the set of Tx antennas used for PUSCH transmission is a subset of Rx antennas used for PDSCH reception. In addition, we propose that the feature should be optional to enable UE classes that use different antennas for Rx and Tx. Note that the Rel-15 UL transmit diversity scheme is transparent small delay CDD. When this scheme is used, an UL port is virtualized to multiple physical antennas. The DL-UL antenna port correspondence will not hold. In addition, the impact to DL and UL in other bands should be separate components. 
	2-55
	SRS Tx switch
	1. Support SRS Tx port switch, 
2. Report whether the uplink TX switching impact to downlink receiving in a band, 
3. Report whether the UL Tx is switched together with UL Tx in another band
	2-53
	Yes
	SRS Tx Switch is not supported
	Type 3
	N.A.
	N.A.
	
	Component-2 is agreed with conditioned to RAN4’s decision.—
Note that Component-2 is per band pair per band combination
Note that Component-3 is per band pair per band combination
Note that the band pair in Component-2 and Component-3 can be an LTE band and an NR band
	RAN1/4
	Optional with capability signaling
Component-1 is a list of TRx pairs, candidates are {“no support”,“1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “T=R”}
Component-2: Candidate value set:, {yes, no},
Component-3: Candidate value set:, {yes, no},



[bookmark: _Hlk523725123][bookmark: _Hlk523725306]Proposal 5: Clarify that ‘T=R’ means that the set of Tx antennas used for PUSCH transmission is a subset of Rx antennas used for PDSCH reception. Make the feature optional to enable UE classes that use different antennas for Rx and Tx. In addition, the impact to DL and UL in other bands should be separate components. 
Correction in SRS carrier-based switching Type A
In the Type A SRS carrier-based switching, the 2 bits in the DCI are used to choose the set of serving cells (similarly to LTE), and not choose an SRS resource set. In LTE, a separate table was added to address this, and a similar solution is needed in NR also. 
	Rel-14 LTE Specification 36.213:
Table 8.2-0C: SRS request value for trigger type 1 in DCI format 3B and for UE configured with more than 5 TDD serving cells without PUSCH/PUCCH transmission
	Value of SRS request field
	Description

	'00'
	No type 1 SRS trigger for a 1st set of serving cells configured by higher layers

	'01'
	Type 1 SRS trigger for a 2nd set of serving cells configured by higher layers

	'10'
	Type 1 SRS trigger for a 3rd set of serving cells configured by higher layers

	'11'
	Type 1 SRS trigger for a 4th set of serving cells configured by higher layers






[bookmark: _Hlk525828749]Proposal 6: Make the following text corrections regarding the “Type-A” SRS carrier switching and the description of the SRS request field:
· Section 6.2.1 in 38.214:
	The 2-bit SRS request field [5 TS38.212] in DCI format 0_1, 1_1 indicates the triggered SRS resource set given in Table 7.3.1.1.2-24 of [5, TS 38212]. The 2-bit SRS request field [5, TS38.212] in DCI format 2_3 indicates the triggered SRS resource set given in Subclause 11.4 of [6, TS 38.213] if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB', or indicates the SRS transmission on a set of serving cells configured by higher layers  if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA'.


· Section 7.3.1.1.2 in 38.212:
	Table 7.3.1.1.2-24: SRS request 
	Value of SRS request field
	Triggered aperiodic SRS resource set(s) for DCI format 0_1, 1_0 and 2_3 configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB'
	Triggered aperiodic SRS resource set(s) for DCI format 2_3 configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA'

	00
	No aperiodic SRS resource set triggered
	No aperiodic SRS resource set triggered for a 1st set of serving cells configured by higher layers

	01
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 1
	SRS resource set(s) configured with higher layer parameter SRS-SetUse set to 'antenna switching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 1st set of serving cells configured by higher layers

	10
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 2
	SRS resource set(s) configured with higher layer parameter SRS-SetUse set to 'antenna switching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 2nd set of serving cells configured by higher layers

	11
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 3
	SRS resource set(s) configured with higher layer parameter SRS-SetUse set to 'antenna switching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 3rd set of serving cells configured by higher layers






Clarification on the SRS for DL CSI acquisition
The following text proposal was agreed in the RAN1 #93 meeting:
	Agreement
>>> 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. 



Based on the above text, we make the following observations and associated corrections:
· The last sentence from the above agreement was not captured as it was agreed, and may lead to confusion, since it suggests that if an SRS resource set of antenna switch is transmitted in one slot, no other SRS resource set (codebook, non-codebook, or BM) is allowed. The intention was that this restriction is true for the the SRS resource of antenna switching only.  Specifically, the 38.214 version 15.2.0 writes:
	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.


whereas the agreement in RAN1 #93 was:
	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.



[bookmark: _Hlk525828760]Proposal 7: Change Section 6.2.1.2 to follow the previous agreement: 
	Text proposal for 38.214 Section 6.2.1.2
…
“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 SRS-SetUse set as “antenna switching” 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.”
…


SRS resource sharing across SRS resource sets
The current specification allows for the sharing of SRS resources among the SRS resource sets of different "SRS-setUse". However, such configuration would be problematic for the following reasons: 
· The power control parameters for each SRS resource set are configured in the RRC per SRS resource set. This means that if we have a SRS resource shared among different SRS resource sets on the same OFDM symbol, the UE is asked to transmit the same ports with potentially different power level which is clearly an error event since it is like asking by the UE to transmit more UL ports than what it can actually do. 
· The ports for UL codebook may be using a transparent diversity scheme (e.g., SCDD), or antenna virtualization for better UL coverage. Yet, for the SRS ports for DL purposes, such schemes will be problematic. 

[bookmark: _Hlk525828769]Proposal 8: If the UE is configured with an SRS resource associated with multiple sets with different SRS-setUse, then it is up to the UE for which SRS-setUse this SRS resource is transmitted for. 
SRS + SRS on the same OFDM symbol in intra-band and inter-band CA
[bookmark: _Hlk510713988]A topic that has not been discussed is the simultaneous transmission of SRS with SRS on a different CC in intra-band. In light of the proposal in SRS for antenna switching (Section 4.1.1), we make the following proposal:

[bookmark: _Hlk525828777]Proposal 9: The UE is not expected to be configured on the same OFDM symbol with more than one SRS resource across different CC in intra-band CA unless all the following conditions are satisfied:
· the same spatial QCL is configured to all resources, when applicable
· the SRS resources are fully overlapped in time domain
· If SRS switching is used, then the UE only expects to be configured with consistent transmissions related to antenna switching.

Observation: Concurrent SRS transmissions in two CCs in inter-band CA is supported in the specification. No further change is needed.
SRS + Long PUCCH same-CC collision
In 38.214 Section 6.2.1, the following text describes the interaction of PUCCH with SRS on a same-CC:

	[bookmark: _Hlk498636457][bookmark: _Hlk498636712]For PUCCH formats 0 and 2, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. 



Observation: No UE behavior is defined for the case of long PUCCH (formats 1,2,3) carrying only CSI report, or only L1-RSRP report and periodic or semi-persistent SRS configured on the same symbol

[bookmark: _Hlk525828785]Proposal 10: Change Section 6.2.1 of 38.214 as follows:
	TP for Section 6.2.1 of 38.214:
For PUCCH formats 0 and 2, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s).



SRS + SRS dropping rule same-CC collision
The following agreement was reached regarding the dropping rule of SRS+SRS on the same carrier and same symbol

	[bookmark: _Hlk522901548]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



Note that for short PUCCH + SRS, the dropping rule is per “symbol level”, as it is already agreed and captured clearly in the specification: 
	A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped



We propose to have the same dropping rule collision between SRS+SRS for commonality of the UE behaviour, simpler implementation and PHY channel robustness. 

[bookmark: _Hlk525828876]Proposal 11: Regarding the SRS dropping rule on the same symbol of the same carrier, the SRS is dropped on a symbol level.

SRS collision rule correction
In the latest 38.214, some typos need to be corrected as follows:

Proposal 12: Adopt the following TP in 38.214 Section 6.2.1.
	-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------
In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS/PUCCH/PUSCH and PRACH 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 in the same symbol.
In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PUCCH/PUSCH SRS/PUCCH/PUSCH and PRACH transmissions are not allowed, a UE shall not transmit simultaneously SRS resource(s) and PRACH. 
-----------------------------------------------------------   Text Proposal End  ----------------------------------------------------



TRS
[bookmark: _Hlk525653581]The maximum number of CSI-RS resource sets for each CC is 64.
	maxNrofNZP-CSI-RS-ResourceSets			INTEGER ::= 64		-- Maximum number of NZP CSI-RS resources per cell



Yet for FR2, there can be 64 SSBs, and the UE would need at least as many periodic CSI-RS resource sets for tracking as the number of SSBs, so that the gNB could associate one SSB with each periodic CSI-RS resource set for tracking. Then, there would be no available CSI-RS resource sets for CSI, or BM, or RLM. Note that the following two  constraints appear for CSI-RS set with TRS-Info:
· “A UE does not expect to be configured with a CSI-ReportConfig for periodic NZP CSI-RS resource set configured with trs-Info.”
· “A UE does not expect to be configured with a NZP-CSI-RS-ResourceSet configured both with trs-Info and repetition.”
This means that all the periodic sets that are tagged as trs-info, cannot be used for CSI or BM. Note that the resources can actually be reused, but there are not enough “sets” to actually allow for such reuse.
[bookmark: _Hlk525828888]Proposal 13: Remove the constraint in 38.214: 
· A UE does not expect to be configured with a CSI-ReportConfig for periodic NZP CSI-RS resource set configured with trs-Info
QCL
TCI configurations for DM-RS of PDCCH
Furthermore, we note that there is an unusual asymmetry for the DMRS of PDCCH and PDSCH, in the following configuration. Based on current agreement, configuration 3 is only supported effectively for FR1, while in FR2  (when QCL Type D is applicable), PDCCH cannot be configured with this QCL configuration, which also makes it useless for PDSCH since in the typical scenario these two RS will be configured with the same source.
	Agreement
Note: For all the tables below, if a row has the same RS type, same RS ID should be assumed.
…
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:
	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
	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)



[bookmark: _Hlk525828897]Proposal 14: Update previous agreement on QCL relations for DMRS of PDCCH as follows:
	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
	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: Only when QCL type-D is not applicable QCL parameters may not be derived directly from CSI-RS (CSI)



Interpretation of "Type D when applicable" in QCL 
In Section 5.1.5 of 38.214, the available QCL relations for each DL PHY channel are described, and the expression “Type D when applicable” is added
	For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with 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 a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block.



[bookmark: _Hlk525828907]Proposal 15: In FR2, the UE shall expect that a TCI-State will always be configured with Type D QCL source for DM-RS of PDSCH, PDCCH, NZP CSI-RS resources.
Conclusions
W propose the following:
Proposal 1: Agree with the following TP in Section 5.1.6.2 of 38.214:
	In Section 5.1.6.2 of 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, 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], and different PDSCH time domain allocation.



Proposal 2:  Remove the following sentence from 38.214 Section 5.2.1.5.1 and update Section 7.3.1.5 in 38.211
	TP for 38.214, Section 5.2.1.5.1
The REs corresponding to aperiodic NZP CSI-RS triggered by the CSI request are available for PDSCH.
TP for 38.211, Section
The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  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 non-zero-power CSI-RS resources
-	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]



Proposal 3: For the EPRE ratio of PDCCH DMRS and CSI-RS resource:

	< Start of text proposal >
The ratio of the PDCCH EPRE to NZP CSI-RS EPRE is assumed to be 0 dB, when used for calculation of hypothetical PDCCH BLER described in [11, TS 38.133] and for the QCLed CSI-RS resource with Type-A.
< End of text proposal >



Proposal 4: For SRS antenna switching in NR and EN-DC, follow same mechanism as LTE as follows:
· For each band combination, signal which bands support Tx antenna selection (e.g. as indicated by the presence of field srs-TxSwitch in NR) . For each of the bands that support Tx antenna selection:
· For each uplink band, signal all the bands in the band combination for which UL switches together (thus same port has to be enforced)
· For each uplink band, signal all the bands in the band combination for which DL switches together (thus introducing a ‘glitch’ in the DL reception)

	Text Proposal for Section 6.2.1.3 of 38.214
For a UE configured with multiple component carriers, and for a first component carrier configured with UL in a first band and a second component carrier configured with UL in a second band that are signalled to switch together according to higher layer parameter ulSwitchTogether the UE is not expected to follow inconsistent transmissions related to antenna switching.
For a UE configured with multiple component carriers configured with UL in intra-band CA, the UE is not expected to follow inconsistent transmissions related to antenna switching.
For a UE configured with EN-DC, and for a first component carrier configured with UL corresponding to in an E-UTRA band and a second component carrier configured with UL in a NR band that are signalled to switch together according to higher layer parameter ulSwitchTogether, the UE is not expected to follow inconsistent transmissions related to antenna switching in E-UTRA and NR.
For a UE configured with intra-band EN-DC, the UE is not expected to follow inconsistent transmissions related to antenna switching in E-UTRA and NR.



[bookmark: _GoBack]Proposal 5: Clarify that ‘T=R’ means that the set of Tx antennas used for PUSCH transmission is a subset of Rx antennas used for PDSCH reception. Make the feature optional to enable UE classes that use different antennas for Rx and Tx. In addition, the impact to DL and UL in other bands should be separate components. 
Proposal 6: Make the following text corrections regarding the “Type-A” SRS carrier switching and the description of the SRS request field:
· Section 6.2.1 in 38.214:
	The 2-bit SRS request field [5 TS38.212] in DCI format 0_1, 1_1 indicates the triggered SRS resource set given in Table 7.3.1.1.2-24 of [5, TS 38212]. The 2-bit SRS request field [5, TS38.212] in DCI format 2_3 indicates the triggered SRS resource set given in Subclause 11.4 of [6, TS 38.213] if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB', or indicates the SRS transmission on a set of serving cells configured by higher layers  if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA'.


· Section 7.3.1.1.2 in 38.212:
	Table 7.3.1.1.2-24: SRS request 
	Value of SRS request field
	Triggered aperiodic SRS resource set(s) for DCI format 0_1, 1_0 and 2_3 configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB'
	Triggered aperiodic SRS resource set(s) for DCI format 2_3 configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA'

	00
	No aperiodic SRS resource set triggered
	No aperiodic SRS resource set triggered for a 1st set of serving cells configured by higher layers

	01
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 1
	SRS resource set(s) configured with higher layer parameter SRS-SetUse set to 'antenna switching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 1st set of serving cells configured by higher layers

	10
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 2
	SRS resource set(s) configured with higher layer parameter SRS-SetUse set to 'antenna switching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 2nd set of serving cells configured by higher layers

	11
	SRS resource set(s) configured with higher layer parameter aperiodicSRS-ResourceTrigger set to 3
	SRS resource set(s) configured with higher layer parameter SRS-SetUse set to 'antenna switching' and resourceType in SRS-ResourceSet set to 'aperiodic' for a 3rd set of serving cells configured by higher layers






Proposal 7: Change Section 6.2.1.2 to follow the previous agreement: 
	Text proposal for 38.214 Section 6.2.1.2
…
“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 SRS-SetUse set as “antenna switching” 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.”
…



Proposal 8: If the UE is configured with an SRS resource associated with multiple sets with different SRS-setUse, then it is up to the UE for which SRS-setUse this SRS resource is transmitted for. 
Proposal 9: The UE is not expected to be configured on the same OFDM symbol with more than one SRS resource across different CC in intra-band CA unless all the following conditions are satisfied:
· the same spatial QCL is configured to all resources, when applicable
· the SRS resources are fully overlapped in time domain
· If SRS switching is used, then the UE only expects to be configured with consistent transmissions related to antenna switching.

Proposal 10: Change Section 6.2.1 of 38.214 as follows:
	TP for Section 6.2.1 of 38.214:
For PUCCH formats 0 and 2, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s).



Proposal 11: Regarding the SRS dropping rule on the same symbol of the same carrier, the SRS is dropped on a symbol level.

Proposal 12: Adopt the following TP in 38.214 Section 6.2.1.
	-----------------------------------------------------------   Text Proposal Start ---------------------------------------------------
In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS/PUCCH/PUSCH and PRACH 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 in the same symbol.
In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PUCCH/PUSCH SRS/PUCCH/PUSCH and PRACH transmissions are not allowed, a UE shall not transmit simultaneously SRS resource(s) and PRACH. 
-----------------------------------------------------------   Text Proposal End  ----------------------------------------------------




Proposal 13: Remove the constraint in 38.214: 
· A UE does not expect to be configured with a CSI-ReportConfig for periodic NZP CSI-RS resource set configured with trs-Info

Proposal 14: Update previous agreement on QCL relations for DMRS of PDCCH as follows:
	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
	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: Only when QCL type-D is not applicable QCL parameters may not be derived directly from CSI-RS (CSI)



Proposal 15: In FR2, the UE shall expect that a TCI-State will always be configured with Type D QCL source for DM-RS of PDSCH, PDCCH, NZP CSI-RS resources.
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