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1. Introduction
This contribution summarizes the NR Rel-16 TEI related discussions and proposals in AI 7.2.14. At the RAN1#98bis meeting, RAN1 made following conclusion [1].
	Conclusion:
Following items are to be discussed further for Rel-16 NR TEI.
· Downgrading configuration of SRS for antenna switching as proposed in R1-1911456
· RACH configuration considering TDD configuration for FR1 as proposed in R1-1911191
· Rate matching pattern overlapping with PDSCH DMRS symbols as proposed in R1-1910417
· TRS for FR1 as proposed in R1-1911434
FFS: Following items are to be discussed for Rel-16 NR TEI.
· QCL Type D conflict between PDSCH and CSI-RS in FR2 as proposed in R1-1910686
· Aperiodic RS triggering offset as proposed in R1-1911520



For the above topics, following is the current status according to contributions and offline discussions.
· 2. Downgrading configuration of SRS for antenna switching
· There is a FL proposal including corresponding TP based on [2]
· 3. RACH configuration considering TDD configuration for FR1
· There is a FL proposal including corresponding TP based on [8]
· 4. TRS for FR1
· There is a FL proposal including corresponding TP based on [6]
· 5. Rate matching pattern overlapping with PDSCH DMRS symbols
· There seems no consensus on which solution is applied in Rel-16 TEI
· 6. Aperiodic RS triggering offset
· There is a FL proposal including corresponding TP based on [3]
· 7. QCL Type D conflict between PDSCH and CSI-RS in FR2
· There is a FL proposal including corresponding TP based on [4]

In addition, there are following additional issues and proposals for Rel-16 TEI. According to the agreed TEI guidance, unless the proposal is supported by at least 1 operator, 1 infra vendor and 1 UE vendor based on the offline discussion, it may not be discussed in the RAN1#99 meeting considering the limited time for Rel-16 NR TEI.
· 8. Half-duplex operation in CA
· 9. Number of repetitions
· 10. Remaining issues for DSS
· 11. TRS muting

Finally, endorsed draft CRs for already agreed TEI proposals are available in [13-17].

Following is a summary on the proposals according to offline discussions.

Proposed agreement:
Regarding TEI “Enable gNB to configure downgrading configuration of SRS for antenna switching”
· Rel-16 UE capability design for SRS antenna switching in conjunction with the existing Rel-15 UE capability should allow UE to indicate support of one of the following combinations 
· { t1r1, t1r2 }
· { t1r1, t1r2, t1r4 }
· { t1r1, t1r2, t2r2, t2r4 }
· { t1r1, t2r2 }
· { t1r1, t2r2, t4r4 }
· { t1r1, t1r2, t2r2, t1r4, t2r4 }
· Note: Detailed signaling design is up to RAN2
· The TP in R1-1913445 is endorsed in principle
· Note: RAN1 spec can be further updated depending on the final RAN2 signalling design

Proposed agreement:
Regarding TEI “RACH configuration considering TDD configuration for FR1”
· Following new RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0


· The new RRC parameter prach-ConfigurationIndexNew is introduced and the value range of prach-ConfigurationIndexNew is [256, 262].
· A new UE capability is not introduced for this TEI, i.e., it is a mandatory UE feature for Rel-16.
· [bookmark: _GoBack]The TP in R1-1913466 is endorsed in principle.

Proposed agreement:
Regarding TEI “Half-duplex operation in CA”
· Agreements made during email discussion [95-NR-06] on directional collision handling for half duplex CA operation are adopted in Rel-16.
· A new UE capability to indicate the support for directional collision handling between reference and other cell(s) is introduced.
· Note that UEs that do not indicate this capability should still be able to operate half-duplex TDD CA if network ensures same transmission direction across all the serving cells.
· The TP in R1-1913440 is endorsed in principle

Proposed agreement:
Regarding TEI “Rate matching pattern overlapping with PDSCH DMRS symbols”
· [Proposal may be provided according to further offline discussion]


2. Downgrading configuration of SRS for antenna switching
As summarized in [2], there was an email thread to continue discussing the issue and potential solution in NR reflector. 
	The following three alternatives was identified and discussed 
Alt.1: Based on the reporting of UE capability (Same as the proposal in OPPO’s tdoc [1])
Alt.2: Change TS 38.214 to allow gNB to support additional configuration
one new UE capability is introduced to support reduced SRS configuration
Alt.3: Allow UE report sequence from {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2} per band per band combination in Rel-16 UE capability signalling. No RAN1 spec impact. 

Based on the comments and feedback received so far, we have the following summary:
Alt.1 and the corresponding TP
Supported by 19 companies (OPPO, CMCC, ZTE, Nokia, Nokia Shanghai Bell, APT, AT&T, Xiaomi, Spreadtrum Communications, Huawei, HiSilicon, Ericsson, Qualcomm, Samsung, Lenovo, MediaTek, China Telecom, Apple, CATT)
Alt.2 and the corresponding TP
Supported by 1 company (vivo)
Alt.3 
Supported by 1 company (Intel)

vivo can also accept Alternative 1 and the corresponding TP as a compromise for better progress. Following the majority view, we propose Alt.1 and the corresponding TP to support downgrading configuration of SRS for antenna switching.



According to the summary in [2], the proposal is to agree on Alt.1 and the corresponding TP as below.

Offline consensus (to be updated via offline email discussion):
Regarding TEI “Enable gNB to configure downgrading configuration of SRS for antenna switching”
· Rel-16 UE capability design for SRS antenna switching in conjunction with the existing Rel-15 UE capability should allow UE to indicate support of one of the following combinations 
· { t1r1, t1r2 }
· { t1r1, t1r2, t1r4 }
· { t1r1, t1r2, t2r2, t2r4 }
· { t1r1, t2r2 }
· { t1r1, t2r2, t4r4 }
· { t1r1, t1r2, t2r2, t1r4, t2r4 }
· Note: Detailed signaling design is up to RAN2
· The TP in R1-1913389 is endorsed in principle
· Note: RAN1 spec can be further updated depending on the final RAN2 signalling design
· Send LS to RAN2 to inform the above agreement

	------------------------------------------------------ TS 38.214 ---------------------------------------------------------------
6.2.1.2	UE sounding procedure for DL CSI acquisition
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability supportedSRS-TxPortSwitch ('t1r2' for 1T2R, 't1r1-t1r2' for 1T=1R/1T2R, 't2r4' for 2T4R, 't1r4' for 1T4R, 't1r1-t1r2-t1r4' for 1T=1R/1T2R/1T4R, 't1r4-t2r4' for 1T4R/2T4R, 't1r1-t1r2-t2r2-t2r4' for 1T=1R/1T2R/2T=2R/2T4R, 't1r1' for 1T=1R, 't2r2' for 2T=2R, 't1r1-t2r2' for 1T=1R/2T=2R, or 't4r4' for 4T=4R, 't1r1-t2r2-t4r4' for 1T=1R/2T=2R/4T=4R):

-	For 1T2R, 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 two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and 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
-	For 2T4R, 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 two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
-	For 1T4R, zero or one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' with four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, and
[bookmark: _Hlk493885834]-	For 1T4R, 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. The UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or, 
-	For 1T=1R, or 2T=2R, or 4T=4R, 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.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
If the indicated UE capability is 't1r4-t2r4', the The UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s) with higher layer parameter usage set as 'antennaSwitching'.

If the indicated UE capability is 't1r2', 't2r4', 't1r4', 't1r4-t2r4' For 1T2R, 1T4R or 2T4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same slot. If the indicated UE capability is 't1r1', or 't2r2', or 't4r4' For 1T=1R, 2T=2R or 4T=4R, the UE shall not expect to be configured or triggered with more than one SRS resource set with higher layer parameter usage set as 'antennaSwitching' in the same symbol.

-----------------------------------------------------------   END    -----------------------------------------------------------------



Companies are encouraged to provide their views on this proposal and potential alternative if any.
	Company
	View

	Intel
	There was some follow discussion before the meeting and we can compromise and agree to Alt 1 with the following modification of FL proposal. 
Possible agreement:
· Rel-16 UE capability design for SRS antenna switching in conjunction with the existing Rel-15 UE capability should allow UE to indicate support of one of the following combinations 
· { t1r1, t1r2 }
· { t1r1, t1r2, t1r4 }
· { t1r1, t1r2, t2r2, t2r4 }
· { t1r1, t2r2 }
· { t1r1, t2r2, t4r4 }
· { t1r1, t1r2, t2r2, t1r4, t2r4 }
· UE may also report new values of ‘txSwitchImpactToRx’ and ‘txSwitchWithAnotherBand’ for downgraded ‘xTyR’ indicated by Rel-16 capability. Otherwise, Rel-15 values are reused for the same band in the band combination
· Note: Detailed signaling design is up to RAN2
· The TP in R1-1911853 is endorsed in principle
· Note: RAN1 spec can be further updated depending on the final RAN2 signalling design
· Send LS to RAN2 to inform the above agreement
· 

	vivo
	Possible agreement:
· Rel-16 UE capability design for SRS antenna switching in conjunction with the existing Rel-15 UE capability should allow UE to indicate support of one of the following combinations 
· { t1r1, t1r2 }
· { t1r1, t1r2, t1r4 }
· { t1r1, t1r2, t2r2, t2r4 }
· { t1r1, t2r2 }
· { t1r1, t2r2, t4r4 }
· { t1r1, t1r2, t2r2, t1r4, t2r4 }
· UE may also report new values of ‘txSwitchImpactToRx’ and ‘txSwitchWithAnotherBand’ for downgraded ‘xTyR’ indicated by Rel-16 capability. Otherwise, Rel-15 values are reused for the same band in the band combination
· Note: Detailed signaling design is up to RAN2
· The TP in R1-1911853 is endorsed in principle, with additional TP for 38.214 as below (text in red)
· Note: RAN1 spec can be further updated depending on the final RAN2 signalling design

For 1T4R, 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 the 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. The UE shall expect that the value of the higher layer parameter aperiodicSRS-ResourceTrigger or the value of an entry in AperiodicSRS-ResourceTriggerList in each SRS-ResourceSet is the same, and the value of the higher layer parameter slotOffset in each SRS-ResourceSet is different. Or one set has two SRS resources transmitted in different symbols within a slot, each SRS resource in a given set consisting of a single SRS port or two sets each having one SRS resource with one SRS port and transmitted within a slot. Or,

Send LS to RAN2 to inform the above agreement

	
	





3. RACH configuration considering TDD configuration for FR1
As summarized in [8], the down selection to Alt.3 is proposed according to the discussion with other companies so far, and corresponding TP is discussed.
	Observation 2: In order to support RACH configuration period more than 10ms in case of using “DDDSUUDDDD”, following alternatives can be considered.
· Alt1: gNB can indicate subframe number offset and additional RACH configuration index of the existing table for Rel-16 UE
· Alt2: gNB can indicate RACH configuration period, i.e., x, and number of PRACH slots within a subframe to override parameter indicated by RACH configuration index for Rel-16 UE
· Alt3: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
· Alt4: Only several existing entries of RACH configuration table are modified for Rel-16 UE, e.g., subframe number is changed to 2 and/or 7 or subframe number 2 and/or 7 is added

Alt1 and Alt2 have larger impact on the UE implementation and the specification, compared with Alt3 and Alt4. Also, Alt4 may have a problem in case of the cell on which Rel-15 UE and Rel-16 UE coexist, because the same PRACH configuration index is indicated to Rel-15 UE and Rel-16 UE in Alt4. In such case, actual RACH configuration to be used is different between Rel-15 UE and Rel-16 UE when the PRACH configuration index with modified entry for Rel-16 is configured, and NW may not be able to configure the original RACH configuration which is modified for Rel-16 UE. Hence, which/how existing entries are modified for Rel-16 UE should be carefully investigated. On the other hand, in Alt3, the different PRACH configuration index can be indicated to Rel-15 UE and Rel-16 UE separately, and appropriate PRACH configuration index can be indicated to Rel-15 UE and Rel-16 UE respectively based on NW operation. In addition, in Alt3, the Rel-16 UE behavior is same as Rel-15 UE unless RRC signaling for Rel-16 UE is indicated. Therefore, Alt3 should be selected in order to support RACH configuration period more than 10ms in case of using “DDDSUUDDDD”.

Observation 3: Alt1 and Alt2 have larger impact on the UE implementation and the specification, compared with Alt3 and Alt4. Also, Alt4 may have a problem in case of the cell on which Rel-15 UE and Rel-16 UE coexist.
Proposal 2: New RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE.
~
In Alt3, new RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE. Alt1 and Alt2 have impact on all entries of RACH configuration table. On the other hand, Alt3 has impact only on new several entries of RACH configuration table and should have smaller UE implementation impact. For new several entries, we should focus on what companies require. From our perspective, candidate new entries are shown in Table 2. When these entries is introduced, the index for new entries in Table 2 can be indicated by 3bit RRC signalling, e.g., prach-ConfigurationIndexNew. Note that signaling details is up to RAN2. Also, the TP for Alt3 is in Appendix A.

Table 2: Example of Alt3 in Random access configurations for FR1 and unpaired spectrum
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0






As the proposal is supported at least by 6 co-sourcing companies (NTT DOCOMO, INC., SoftBank, KDDI Corporation, Sharp, Nokia, Ericsson) and it is the compromised proposal to consider the impact on UE implementation and specifications, the FL proposal is to agree on Alt.3 and the corresponding TP as below.

Proposed agreement:
Regarding TEI “RACH configuration considering TDD configuration for FR1”
· Following new RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0


· The TP in R1-1912899 is endorsed in principle

	TS 38.211
6.3.3.2	Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where  is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.
Random access preambles can only be transmitted in the time resources determined given by the higher-layer parameter prach-ConfigurationIndex according to Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104].
For Table 6.3.3.2-3,
-	if the UE is provided the higher-layer parameter prach-ConfigurationIndexNew, random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndexNew according to Tables 6.3.3.2-3. 
-	otherwise random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndex according to Tables 6.3.3.2-3.
For Table 6.3.3.2-2 or 6.3.3.2-4, random access preambles can only be transmitted in the time resources given by the higher-layer parameter prach-ConfigurationIndex according to Tables 6.3.3.2-2 or 6.3.3.2-4.
Random access preambles can only be transmitted in the frequency resources given by the higher-layer parameter msg1-FrequencyStart. The PRACH frequency resources , where  equals the higher-layer parameter msg1-FDM, are numbered in increasing order within the initial uplink bandwidth part during initial access, starting from the lowest frequency. Otherwise,  are numbered in increasing order within the active uplink bandwidth part, starting from the lowest frequency.
(omit)
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	0
	0
	16
	1
	9
	0
	-
	-
	0

	1
	0
	8
	1
	9
	0
	-
	-
	0

	2
	0
	4
	1
	9
	0
	-
	-
	0

	3
	0
	2
	0
	9
	0
	-
	-
	0


(omit)
	253
	A3/B3
	1
	0
	3,4,8,9
	0
	2
	2
	6

	254
	A3/B3
	1
	0
	1,3,5,7,9
	0
	1
	2
	6

	255
	A3/B3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	2
	1
	2
	6

	256
	0
	16
	1
	7
	0
	-
	-
	0

	257
	0
	8
	1
	7
	0
	-
	-
	0

	258
	0
	4
	1
	7
	0
	-
	-
	0

	259
	0
	2
	0
	7
	0
	-
	-
	0

	260
	0
	2
	1
	7
	0
	-
	-
	0

	261
	0
	2
	0
	2
	0
	-
	-
	0

	262
	0
	2
	1
	2
	0
	-
	-
	0


(omit)



Companies are encouraged to provide their views on this proposal and potential alternative if any.
	Company
	View

	
	

	
	

	
	



Following is updated proposal.

Proposed agreement:
Regarding TEI “RACH configuration considering TDD configuration for FR1”
· Following new RACH configuration entries with subframe number 2 and/or 7 are added into RACH configuration table for Rel-16 UE
	PRACH
Configuration 
Index
	Preamble format
	[image: ]
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration
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	new1
	0
	16
	1
	7
	0
	-
	-
	0

	new2
	0
	8
	1
	7
	0
	-
	-
	0

	new3
	0
	4
	1
	7
	0
	-
	-
	0

	new4
	0
	2
	0
	7
	0
	-
	-
	0

	new5
	0
	2
	1
	7
	0
	-
	-
	0

	new6
	0
	2
	0
	2
	0
	-
	-
	0

	new7
	0
	2
	1
	2
	0
	-
	-
	0


· The new RRC parameter prach-ConfigurationIndexNew is introduced and the value range of prach-ConfigurationIndexNew is [256, 262].
· A new UE capability is not introduced for this TEI, i.e., it is a mandatory UE feature for Rel-16.
· The TP in R1-1912899 is endorsed in principle



4. TRS for FR1
As summarized in [6], since there seems no common understanding in RAN1 that what’s the UE behaviour in the scenario in which we can never find such kind of two consecutive DL slots for FR1 if network configures two-slot TRS for the UE, following solution to enable TRS in the scenario in FR1 is proposed.
	That means, for FR1, the occurrence unit of TRS can only be two consecutive slots other than one slot. However, there might be some scenarios in which we can never find such kind of two consecutive DL slots for FR1. 
The scenario is further explained below. As an operator, we are planning how to use our 4.9GHz TDD frequency resources. One important usage is to deploy NR network for vertical sectors at 4.9GHz, e.g., industries, factories, ports, etc, and the mobility of UEs in the typical scenarios is low. Two of most important requirements of verticals are uplink data rate and latency. These two metrics are greatly related to the TDD UL-DL configuration. One important TDD UL-DL configuration, as illustrated in figure 1, that we plan to use in our 4.9GHz NR network for verticals is 1ms periodicity with D+S configuration (e.g, 2GP:12UL for the special slot) and SCS 30KHz, since this TDD UL-DL configuration can provide good latency performance and good trade-off between DL and UL data rate. 
[image: ]
Figure 1: One most important TDD DL-UL configuration for 4.9GHz NR network deployed for verticals
After discussions with companies regarding this issue in the RAN1#98bis meeting, there seems no common understanding in RAN1 that what’s the UE behaviour in this scenario if network configures two-slot TRS for the UE.
~
In order to enable TRS in the scenario in FR1 as illustrated in figure 1, i.e., with semi-static TDD UL-DL-configuration with “one DL slot + one special slot dominated by UL symbols (e.g, 2GP:12UL)”, the following was proposed, 
Proposal: For FR1 in Rel-16, UE can be configured with one-slot periodic TRS configuration only when no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated. 
Note: One-slot periodic TRS configuration for FR1 in Rel-16 is an optional UE feature.



As the proposal is supported at least by 8 co-sourcing companies (CMCC, CATT, Huawei, HiSilicon, Ericsson, ZTE, Samsung, Intel), the FL proposal is to agree on the proposal and the corresponding TP as below.

Offline consensus:
Regarding TEI “TRS for FR1”
· For FR1 in Rel-16, UE can be configured with one-slot periodic TRS configuration only when no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated
· Note: One-slot periodic TRS configuration for FR1 in Rel-16 is an optional UE feature
· The TP in R1-1912551 is endorsed in principle.

	<Start of Text proposal for TS38.214>
[bookmark: _Toc11352099]5.1.6.1.1	CSI-RS for tracking
[bookmark: _Hlk513060382]A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. For frequency range 1, if no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot. For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 
<End of Text proposal for TS38.214>



Companies are encouraged to provide their views on this proposal and potential alternative if any.
	Company
	View

	Intel
	Support the proposal

	
	

	
	



It was agreed as below.

Agreement:
Regarding TEI “TRS for FR1”
· For FR1 in Rel-16, UE can be configured with one-slot periodic TRS configuration only when no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated
· Note: One-slot periodic TRS configuration for FR1 in Rel-16 is an optional UE feature
· The TP in R1-1912551 is endorsed in principle.



5. Rate matching pattern overlapping with PDSCH DMRS symbols
Regarding the rate matching pattern overlapping with PDSCH DMRS symbols, there are multiple contributions.
In [9], following proposals are made, and the proposed scope of the TEI on PDSCH rate matching is same as Alt.1 in [12] which was discussed at the RAN1#98bis meeting.
	Q1: Whether or not a SSB should be always covered by additional rate-matching pattern whose symbol length is longer than the length of all possible scheduled symbols
[image: ][image: ]   
          Opt. 1.1                                                            Opt. 1.2
[bookmark: _Ref22162530][bookmark: _Ref22162523]Figure 1 Illustrations of Opt. 1.1 (Left) and Opt. 1.2 (Right) for PDSCH slot scheduling
[image: ][image: ]
Opt. 1.1								 Opt. 1.2
Figure 2 Illustrations of Opt. 1.1 (Left) and Opt. 1.2 (Right) for PDSCH sub-slot scheduling
Proposal 1: A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all the symbols scheduled by the DCI if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps with any REs corresponding to SSB.
~
Q2: Whether or not the configured rate-matching pattern should always cover all possible scheduled symbols
[image: ][image: ]
Opt. 2.1										Opt. 2.2
[bookmark: _Ref22291255]Figure 3 Illustrations of Opt. 2.1 (Left) and Opt. 2.2 (Right) for PDSCH slot scheduling
Proposal 2: A UE shall assume that a PRB indicated by the frequency domain resource assignment field in a DCI for PDSCH is not available for both PDSCH and DM-RS in all the symbols scheduled by the DCI if any PDSCH DM-RS RE in the PRB in any scheduled symbol overlaps with any REs corresponding to rate-matching patterns, i.e. Opt. 2.2 is supported with specified UE behavior.
~
Q3: Whether PDSCH DMRS can be “rate-matched” out in case of wideband PRG or not 
Proposal 3: Only PRG size 2 and 4 are addressed for allowing PDSCH DMRS (within the resources indicated by a DCI) not available due to SSB and rate-matching patterns.
~
Q4: Whether fractional PRG is allowed or not
Proposal 4: For PDSCH rate-matching purpose, fractional PRGs are allowed but with limited number. The minimum number of Fractional PRGs that UEs support for rate-matching with SSB and rate-matching patterns is [4 or 6].
· A fractional PRG contains at least one PRB where PDSCH DMRS REs overlap with any REs corresponding to SSB or rate matching patterns.
~
Q5: Whether to increase the maximum number of rate matching patterns configurable to a UE or not
Proposal 5: The maximum number of rate matching patterns configurable to a UE, including both the original RB-symbol level rate-matching patterns and the rate-matching patterns that may overlap with DMRS, is the same as Rel-15.
~
If it is preferred to conclude the scope of Rel-16 TEI on PDSCH rate-matching around SSB and rate-matching patterns before jumping into any discussion of technical details, then the following proposal is given based on above analysis,
Proposal 6: The objectives for Rel-16 TEI on PDSCH rate-matching around SSB and rate-matching patterns are the following,
· Specify UE behavior for rate-matching around SSB as Opt. 1.2
· Specify rate-matching according to rate-matching pattern which can overlap with scheduled PDSCH DMRS, as Opt 2.2
· For the rate-matching pattern which may overlap with DMRS,
· It is semi-statically acknowledged by a UE that the rate-matching pattern is probably overlapping with PDSCH DMRS 
· For a rate-matching pattern with no such acknowledgement, the UE behavior for the rate-matching pattern is not changed
· UE behavior is specified for the case where a UE identifies overlaps between its PDSCH DMRS and the rate-matching pattern
· FFS: It is only front-loaded DMRS that the UE uses to determine the presence of overlap
· The number M of the rate matching patterns that can overlap with DMRS is limited
· The maximum number of rate matching patterns configurable to a UE, including both the original RB-symbol level rate-matching patterns and the rate-matching patterns that may overlap with DMRS, is the same as Rel-15
· Applicable for both PDSCH mapping Type A and Type-B 
Note: The case of wideband PRG is not in scope of this Rel-16 TEI proposal.
Note: The RE-level rate-matching is not in scope of this Rel-16 TEI proposal.



In [11], following proposals are made.
	Discussion point here is whether to implicitly indicate rate matching of all scheduled symbols with SSB and/or rate matching pattern partially covering scheduled symbols or not. Trade-off between two options here are UE complexity and network flexibility.
For SSB, configuring additional rate matching pattern can be considered to always to cover all PDSCH scheduled symbols. For general rate matching patterns, network may always ensure that all PDSCH scheduled symbols are covered by combination of rate matching patterns. While such configuration would certainly simplify UE operation, there may be an issue on network flexibility. Hence, we think such configuration is not necessary. 
One thing to note is impact on UE complexity of implicit indication. A Rel-15 UE can start DMRS channel estimation processing right after DCI decoding since the entire DMRS is preserved. With implicit indication, a UE needs to check if rate matching pattern overlaps with DMRS while DMRS TD pattern can depend on dynamic PDSCH allocation. Such dynamic nature affects a UE’s channel estimation processing time, and we would like to reduce the number of such condition checks before channel estimation. What we want to ensure is
1) The number of rate matching patterns which can overlap with DMRS should be limited, e.g, 1 per-BWP and 1-per cell, and RE-level rate matching pattern should not overlap with DMRS.
2) Indication to a UE (preferably semi static) regarding rate matching pattern which can overlap with DMRS is provided.
3) No additional rate matching pattern is configured compared with the current 4 per BWP and 4 per serving cell.

Proposal 1: If implicit indication for rate matching of all scheduled PDSCH symbols is utilized due to DMRS overlapping, then the following needs to be ensured. 
1) The number of rate matching patterns which can overlap with DMRS should be limited, e.g, 1 per-BWP and 1-per cell, and RE-level rate matching pattern should not overlap with DMRS.
2) Indication to a UE (preferably semi static) regarding rate matching pattern which can overlap with DMRS is provided.

Proposal 2: No additional rate matching pattern is configured compared with the current 4 per BWP and 4 per serving cell.

SSB or rate matching pattern overlapping with DMRS would cause significant channel estimation complexity when wideband DMRS is utilized. Hence, SSB or rate matching pattern should not overlap with DMRS when it is wideband. Fractional PRG also causes a similar issue for channel estimation, and hence, fractional PRG should not be allowed when SSB or rate matching pattern overlap with DMRS.
Proposal 3: SSB or rate matching pattern should not overlap with DMRS when it is wideband. Fractional PRG should not be allowed when SSB or rate matching pattern overlap with DMRS.



In addition, at the RAN1#98bis meeting, another alternative on the scope of the TEI on PDSCH rate matching was discussed as below [12].
	Alt.2
Proposal: The objectives for Rel-16 TEI on PDSCH rate-matching are the following
· Specify UE behavior for rate-matching around SSB as Opt. 1.2 in R1-1911555
· Specify rate-matching according to rate-matching pattern which can overlap with scheduled PDSCH DMRS, as Opt 2.1 in R1-1911555
· UE behavior is specified for the case where a UE identifies overlaps between its PDSCH DMRS and the rate-matching pattern
· The PDSCH rate matching does not introduce dynamic pattern determination as a function of PDSCH resource allocation
Note: The case of wideband PRG is not in scope of this Rel-16 TEI proposal.
Note: The RE-level rate-matching is not in scope of this Rel-16 TEI proposal.



In [10], following proposals are made.
	Our understanding is that the claimed problem that the TEI-16 proposal in [1] intends to solve is that RBG sizes can be relatively large. In these cases; however, the channel BW is also large, so the achievable gain with new rate matching is limited.  We would also like to note that TDM-ing PDSCH around SSB is in general a more efficient solution, therefore we don’t think that changing SSB rate matching should be the main target. 
To discuss the SSB rate matching further, there are available solutions to the issue brought up in [1], as shown in Figure 1 below. 
[image: ]             [image: ]
(A)                                                                                                    (B)
Figure 1 Solutions for SSB rate matching
In Figure 1 Option (A), two PDSCHs are scheduled in a TDM manner with different SLIV. These can be for two different UEs or for the same UE. 
In Figure 1 Option (B), two PDSCHs are scheduled in a FDM manner for two different UEs.  For the first UE, a dynamic rate matching pattern covers all symbols in the center 4 RBs. For the second UE, the dynamic rate matching pattern is turned off.  
As it can be seen from the above, for the SSB rate matching case, solutions exist where the UE doesn’t need to determine rate matching pattern by evaluating collisions with DM-RS, the UE can just follow the rate matching configured. 
On the other hand, some companies mentioned the case where eMTC, NB-IoT or other narrow band transmission occupies some part of the channel. We think that trying to solve this problem is more useful. 
Proposal 1: 
Focus on rate matching cases where a narrow band pattern occupies all symbols of the PDSCH

In the following, we discuss the additional complexity that would be the result in the proposals in [1] were adopted. 
Figure 2 shows a case where the UE is given multiple rate matching patterns but depending on the actual PDSCH allocation, the UE has to dynamically determine a completely different rate matching pattern not aligned with any of the configured rate matching patterns. 
[image: C:\Users\Hiroki Harada\AppData\Local\Packages\Microsoft.Office.Desktop_8wekyb3d8bbwe\AC\INetCache\Content.MSO\7720217A.tmp]
Figure 2 Example where the UE would be required to determine a new rate matching pattern not aligned with any rate matching pattern configured
In order to avoid the complications represented by Figure 2, we make the following proposals. 
Proposal 2: 
The UE applies the new rate matching only if any rate matching pattern that collides with DM-RS is the same in all symbols of the PDSCH. 
For the remaining issues, we make the following proposals. 
Proposal 3: 
The UE doesn’t apply the new rate matching if PRG is wideband. 
Proposal 4: 
Fractional PRG is not introduced for the case of the new rate matching. 




Considering the above situation, there seems no consensus on which solution is applied in Rel-16 TEI. Therefore, from the feature lead, it is proposed to postpone the proposal to future release unless the updated/compromised proposal based on further offline discussion is provided.

Companies are encouraged to provide their views on this proposal and potential alternative if any.
	Company
	View

	Intel
	Q1 – OK with proposal
Q2 – Opt 2.1
Q3 – OK with proposal
Q4 – No fraction PRG is allowed
Q5 – OK with proposal

Also we would like to clarify the motivation of TEI in Q2 in conjunction of the ongoing WI for coexistence between NBIoT and MTC. In particular whether the following agreement already addresses the coexistence issue solved by Q2?

	Agreement
For LTE-MTC resource reservation, for unicast, symbols of MPDCCH/PDSCH scrambled by C-RNTI or SPS-C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured
· FFS: CSI-RS
Agreement
For unicast, NPDCCH and NPDSCH scrambled by C-RNTI that would fall into the reserved resource are dropped for symbol-level and slot-level reserved resources.
· Dropped means punctured


 

	
	

	
	





6. Aperiodic RS triggering offset
In [3], following issue is raised.
	Issue description
· A-SRS can be either triggered with DCI format 1_1 or DCI format 0_1 with UL-SCH=1 or with UL-SCH=0 and with non-zero CSI request
· NW cannot trigger SRS without DL/UL data and without CSI request due to the following restriction in current specification
[image: ]



4 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	
	

	
	

	
	




In [3], following solution is proposed to solve above issue.
	Proposal
· A-SRS can be triggered with DCI format 0_1 with UL-SCH=0 and without CSI request.
· TP recommendation for TS 38.212
[image: ]



Since the proposal is quite simplified from the previous proposal at the last meeting, it seems possible to propose from feature lead to agree on the proposal and corresponding TP. On the other hand, if there is any company who has a concern to agree on this proposal in Rel-16 TEI, the proposal may be discussed in Rel-17 MIMO enhancement.

FL proposal:
Regarding TEI “Aperiodic RS triggering offset”
· A-SRS can be triggered with DCI format 0_1 with UL-SCH=0 and without CSI request
· The TP is endorsed in principle

	7.3.1.1.2	Format 0_1
<Unchanged parts are omitted>
< Unchanged parts are omitted >
· UL-SCH indicator – 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, a UE is not expected to receive a DCI format 0_1 with UL-SCH indicator of "0" and CSI request of all zero(s) and SRS request of all zero(s).
<Unchanged parts are omitted>



Companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	Intel
	Support the proposal

	
	

	
	





7. QCL Type D conflict between PDSCH and CSI-RS in FR2
In [4], following issue is raised.
	In this contribution, we assume that the value reported by a UE for maxNumberActiveTCI-PerBWP is 1 according to UE feature 2-4 (mandatory). This implies the UE supports 1 active TCI state per BWP per CC for PDCCH and PDSCH. Further, a UE is required to track only the active TCI state. The expected behavior when such a UE is configured with CSI-RS for RLM, CSI-RS with repetition (beam management), CSI-RS for BFD on the same OFDM symbol as a potential or actual PDSCH allocation is specified in 38.133 sections 8.1.7.3, 8.5.7.3 and 8.5.8.3. CSI-RS based RRM requirements are not specified in Rel-15.
However, the expected UE behavior when such a UE is configured or aperiodically assigned a CSI-RS for CSI or TRS in the same OFDM symbol as a potential or actual PDSCH allocation is not specified. This places limitations on CSI-RS scheduling in Rel-15, e.g., such a UE cannot be scheduled with CSI-RS for CSI with a non-active TCI state or a TRS without a QCL Type-D assumption in Rel-15. Note that the QCL Type-D assumption for CSI-RS for CSI need not be the same as that of the active TCI state and can be obtained from a non-TRS resource such as SSB or CSI-RS for beam-management. Consequently, we think such unnecessary limitations can be removed and UE behavior clarified in specifications.



7 companies supported the proposal to solve this issue in Rel-16 NR TEI. Other companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve this issue.
	Company
	View

	
	

	
	

	
	



In [4], following solution is proposed to solve above issue.
	We first consider the case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset less than timeDurationForQCL. 
This case is shown in Figure 1. In slot n, UE uses default PDSCH beam that conflicts with the CSI-RS QCL Type-D assumption assigned in the same slot (actual PDSCH is not assigned). This case can occur often. In slot (n+1), an actual PDSCH is scheduled by DCI in the same slot with a QCL Type-D assumption that is not aligned with the QCL Type-D assumption for the CSI-RS (in the same slot). UE behavior in terms of QCL Type D assumption cannot be different between slot n and (n+1) because the timeDurationForQCL value is at least 14 OS for 120 kHz SCS. Thus, although the conflict in slot (n+1) can be avoided by scheduler restriction, the conflict in slot n cannot be avoided.


[bookmark: _Ref19012932]Figure 1: In slot n, no PDSCH is scheduled but there is still a conflict between the default beam for PDSCH and the CSI-RS beam. In slot (n+1), PDSCH is scheduled and there is a conflict between the actually scheduled PDSCH and the CSI-RS.
Based on the above discussion, our proposal is to apply the ‘QCL-TypeD’ assumption of the CSI-RS on the overlapped symbol(s) for receiving a scheduled PDSCH.  We note that scheduling restriction would apply with CSI-RS for RLM, CSI-RS with repetition (beam management), CSI-RS for BFD on the same OFDM symbol as a potential or actual PDSCH allocation as specified in 38.133. 
The case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset equal or greater than timeDurationForQCL can be handled by the scheduler ensuring alignment of the QCL Type-D assumptions with no specification change.



The proposal is same as the previous one at the last meeting. Therefore, there may be some companies who have a concern to agree on this proposal in Rel-16 TEI as in the last meeting. If the proponents could convince those companies already, it is possible to check whether the proposal is agreeable in RAN1 or not.

FL proposal:
Regarding TEI “QCL Type D conflict between PDSCH and CSI-RS in FR2”
· Specify UE behavior in the case where P/SP CSI-RS for CSI or aperiodic CSI-RS scheduled after beamSwitchTiming overlaps with a potential or actual PDSCH with a scheduling offset less than timeDurationForQCL
· Prioritize CSI-RS reception when this occurs
· The TP is endorsed in principle

	Text proposal (38.214 section 5.1.5):
For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). Further, in this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of an aperiodic CSI-RS scheduled with offset larger than or equal to the minimum value between 48 and the UE reported threshold beamSwitchTiming or a periodic CSI-RS or a semi-persistent CSI-RS with which the PDSCH could overlap in at least one symbol, the UE applies the ‘QCL-TypeD’ assumption of the CSI-RS on the overlapped symbol(s). This also applies to the intra-band CA case (when PDSCH and the CSI-RS are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. 



Companies are encouraged to provide their views on this proposed solution and potential alternative if any.
	Company
	View

	
	

	
	

	
	





8. Half-duplex operation in CA
In [5], it is proposed to adopt agreements from the email discussion [95-NR-06] according to the following agreement made at RAN1#96 meeting.
	In RAN1#96 it has been concluded:
[bookmark: _Hlk2278371]Agreement: (RAN1#96)
Agreements made during email discussion [95-NR-06] on directional collision handling for half duplex CA operation are postponed to Rel-16.

In this contribution we provide text proposal for TS 38.213 to capture agreements from [95-NR-06]



Following is the summary of agreements from [95-NR-06] shown in [5].
	HD UE behaviour 
The final behavior is summarized in Table 1, where we separated behavior into: (i) applicable to intra-band only (ii) applicable to inter-band only (iii) applicable to both intra and inter-band.
Table 1 Combined agreed behavior in [95-NR-06]
	No
	Ref cell
	Other cell
	UE behavior
	Note

	1
	Semi SFI D
	Semi SFI U
	Allowed to drop U for inter-band
Error case in intra-band
	Dropping U on other cell
Error case in intra-band

	2
	Semi SFI D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	3
	Semi SFI D
	Dynamic U
	Allowed to drop D for inter-band
Error case in intra-band
	Overriding semi SFI D to F on reference cell for the UE

	4
	Semi SFI U
	Semi SFI D
	Allowed to drop D for inter-band
Error case in intra-band
	Dropping D on other cell
Error case in intra-band

	5
	Semi SFI U
	RRC D
	Allowed to drop D 
	Dropping on other cell

	6
	Semi SFI U
	Dynamic D
	Error
	Error

	7
	RRC D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	8
	RRC U
	RRC D
	Allowed to drop D
	Dropping on other cell

	9
	Dynamic D
	Dynamic U
	Error
	Error

	10
	Dynamic U
	Dynamic D
	Error
	Error

	11
	RRC U
	Semi SFI D
	Allowed to drop D
	Dropping on other cell

	13
	RRC D
	Semi SFI U
	Allowed to drop U
	Dropping on other cell

	15
	RRC U
	Dynamic D
	Error
	Error

	16
	RRC D
	Dynamic U
	Allowed to drop D for inter-band
Error case in intra-band
	Dropping RRC D on reference cell



where the reference cell is determined as:
[bookmark: _Hlk722744]“Half-duplex CA UE determines reference cell per symbol as a cell with the lowest cell ID among multiple serving cells in a band or band combination having direction determined by RRC D/U or semi SFI D/U” 

And the definition of colliding symbols is the following:
· Semi SFI D and U:  D and U symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated
· Semi SFI F: flexible symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, when provided to a UE, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE
· [bookmark: _Hlk723154]RRC D: symbols corresponding to a higher-layer configured PDCCH, or a PDSCH, or a CSI-RS on semi SFI F of the same cell
· RRC U: symbols corresponding to a higher-layer configured SRS, or PUCCH, or PUSCH, or PRACH on semi SFI F of the same cell
· Dynamic D and U: symbols scheduled as D and U by DCI formats other than DCI format 2_0 on semi SFI F of the same cell
~
RRM behaviour
Agreement: 
In symbols indicated in ssb-PositionsInBurst on reference and other cell(s), half-duplex CA UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. 
~
Capability 
The capability below should serve as starting point for the discussion in R16 Features: 
	
	6-x
	Half-duplex UE behavior in TDD CA
	Support for directional collision handling between reference and other cell(s)
	
	Yes
	
	Type 3
	No
	N.A.
	
	Note: UEs that do not indicate this capability should still be able to operate half-duplex TDD CA if network ensures same transmission direction across all the serving cells
	RAN1
	Mandatory with capability signaling for intra-band CA band and for inter-band CA in band combination without RAN4 FG 2-5 capability 
	Note






Companies are encouraged to provide their views on this issue, such as regarding importance/necessity to adopt the agreements from [95-NR-06] for Rel-16 TEI.
	Company
	View

	
	

	
	

	
	



In [5], following TPs are also provided.
	Based on above, we formulated behavior for sub-clause 11.1 TS38.213:
	If a UE is configured with multiple serving cells operating in a band or different bands, the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-25] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE determines reference cell per symbol as a cell with the lowest configured cell index among multiple serving cells in a band or band combination having direction determined by any of
- TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated
- higher-layer configured SRS, PUCCH, PUSCH or PRACH on flexible symbols  
- higher-layer configured PDCCH, PDSCH or CSI-RS on flexible symbols. 
If a UE is configured with multiple serving cells operating in a band, and the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-x] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE is not expected to receive
· [1,4] indications on reference and another cell by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating opposite directions in a symbol, 
· [3] indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be uplink in reference cell and DCI scheduling the symbol as downlink on another cell,
· [16] higher-layer configured PDCCH, PDSCH or CSI-RS on a flexible symbol in reference cell and DCI scheduling the symbol as uplink on another cell. 
If a UE is configured with multiple serving cells, the reference cell and an another cell operate in different bands,  UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-x] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE 
· [1,4] assumes a symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in another cell as flexible, if TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in reference cell indicates opposite direction for the symbol,
· [3] transmits uplink transmission scheduled by DCI on a symbol of another cell despite the symbol being indicated as downlink by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated on reference cell,
· [16] does not expect to receive higher-layer configured PDCCH, PDSCH or CSI-RS on flexible symbols in reference cell in a set of symbols, if receives DCI scheduling one of the symbols as uplink in another cell. 

If a UE is configured with multiple serving cells operating in band or different bands, UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-x] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE 
· [6] does not expect to receive an indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be downlink in reference cell and DCI scheduling the symbol as uplink on another cell
· [15] does not expect to receive a higher-layer configured SRS, PUCCH, PUSCH or PRACH on a flexible symbol in reference cell and DCI scheduling the symbol as downlink on another cell
· [2,5,7,8] does not transmit higher-layer configured SRS, PUCCH, PUSCH or PRACH on a set of symbol or receives higher-layer configured PDCCH, PDSCH or CSI-RS on set of symbols in another cells, if at least one symbol from the set of symbols is indicated with opposite direction by  TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated or by higher-layer configured SRS, PUCCH,  PUSCH,  PRACH, PDCCH, PDSCH or CSI-RS on reference cell
· [11,13] assumes a symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated in another cell as flexible, if symbol is indicated with opposite direction by higher-layer configured SRS, PUCCH, PUSCH, PRACH, PDCCH, PDSCH or CSI-RS on reference cell
· [9,10] is not expected to receive DCIs indicating contradicting directions on a symbol in different cells.



~
To capture the above agreement, we have prepared following TP for sub-clause 11.1 of TS38.213:
	If a UE is configured with multiple serving cells operating in a band or different bands, the UE is not capable of simultaneous transmission and reception, UE indicates support of capability [FG 6-x] and the UE is not configured to monitor PDCCH for DCI format 2-0, for a set of symbols of a slot that are indicated to the UE by ssb-PositionsInBurst in SystemInformationBlockType1 or ssb-PositionsInBurst in ServingCellConfigCommon in any of multiple serving cells , when provided to the UE, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot in any of multiple serving cells.






Companies are encouraged to provide their views on this proposed solution and potential alternative if any.
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9. Number of repetitions
In [7], the following issue regarding number of repetitions is identified.
	In Rel-15, the maximum possible value for repetition factor (repK and pusch-AggregationFactor) is 8. The repetition is counted on 8 consecutive slots regardless of if it’s UL or DL slot. PUSCH repetition on the DL slot is omitted which means number of actual PUSCH repetitions will be limited by TDD pattern. Comparing that with the TTI-bundling in LTE which uses a fixed bundle size of 4, the repetition of 4 is always guaranteed as the repetition is counted only on UL slots.

The issue has been illustrated in Figure 1, as an example. Slot#1-8 are scheduled for configured grant with repK=8, and UL-DL pattern is set as “UDDDUDDD”. Due to conflict with the DL transmissions, only 2 UL transmissions is possible.
[image: ]
Figure 1
[bookmark: _Toc1183476][bookmark: _Toc5153991][bookmark: _Toc24132677]A DL heavy UL-DL pattern supports very few PUSCH repetitions with maximum repetition configured to 8.



Companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve the issue for Rel-16 TEI.
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In [7], the following proposals are made to solve the issue.
	For the above situation, increasing the maximum range of possible repetition can provide a decent number of UL repetitions. As shown in Figure 1, the new repK value as 16 can increase possible UL transmissions from 2 to 4.
[bookmark: _Toc1183489][bookmark: _Toc5153996][bookmark: _Toc24132678]For configured grants, increase maximum possible repetition factor to 16.
For the UL-DL pattern in Figure 1, UL transmission with dynamic scheduling will also here support only two UL slots. Increasing the pusch-AggregationFactor to also support 16 aggregated slots will improve the reliability. 
[bookmark: _Toc5153997][bookmark: _Toc24132679]For dynamic scheduling, increase maximum possible UL slot aggregation factor to 16.
In the same way as for UL, the number of repeated slots can be increased to 16 also for DL. Although not typically motivated by UL-heavy patterns, increasing pdsch-AggregationFactor to 16 slots will still provide better robustness, and can be done with limited standardization effort.
[bookmark: _Toc5153998][bookmark: _Toc24132680]Increase maximum number of repeated DL slots to 16, both for SPS and dynamic scheduling.
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10. Remaining issues for DSS
In [11], the following remaining issue regarding DSS is identified.
	LTE TDD Band 41 is a widely deployed band operated in United States, China, Japan, etc. To consider efficient NR migration at band 41, dynamic spectrum sharing (DSS) in both DL and UL of LTE and NR is a feasible solution. In RAN4 WI [2], it was agreed to further support spectrum sharing in TDD band n41 in Rel-16. 
To avoid any non-backward compatibility issue, a new band n90 was introduced in RAN4, which adopted all features of band n41, as well as the following to support b41/n41 (i.e., b41/n90) spectrum sharing:
· 100kHz channel raster 
· Sync raster specification correction
· UL 7.5kHz frequency shift
It is observed that there is still issue for b41/n41 DSS operation in some typical deployment scenarios. Assuming that NR is configured with the same TDD structure as LTE, it is observed that n41 band SSB case A and C always collide with LTE CRS symbols in LTE 4 port CRS configuration case.
~
It is observed that there is still issue for b41/n41 DSS operation in some typical deployment scenarios. For example, LTE TDD configuration 2 and special subframe configuration 6 and 7 are widely deployed by operators. Assuming that NR is configured with the same TDD structure as LTE, it is observed that n41 band SSB case A and C always collide with LTE CRS symbols in LTE 4 port CRS configuration case. It is noted that the NR SSB candidate location subframes #0, #1, #5, and #6 cannot be configured as MBSFN in LTE, because these subframes include LTE essential DL signals/channels such as PSS/SSS/PBCH. The MBSFN candidate subframes in LTE TDD are #3, #4, #7, #8, and #9. 
[image: ]
Figure 1: NR SSB candidate position for B41/n41 DSS in LTE TDD configuration 2 (Special subframe configuration 7)



Companies are encouraged to provide their views on this issue, such as regarding importance/necessity to solve the issue for Rel-16 TEI.
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In [11], the following proposals are made to solve the issue.
	One possible way is to consider extending the maximum number of SSBs for case A and hence it can allow at least one SSB to be located in a candidate MBSFN subframe. As shown in the example of Figure 2, with maximum 8 SSB for case A, two SSB candidates can be located in a MBSFN subframe, which allows NR SSB transmission without any CRS collision in LTE TDD DSS operations. 
[image: ]
Figure 2: Example of extended NR SSB candidate location
One may also think about to shift the NR frame a bit, which make its 1st subframe overlap with one potential MBSFN subframe in LTE, as shown in Figure 3. By this means, it is possible to configure subframe #3 as a MBSFN subframe in LTE, and therefore allow NR SSB transmission without CRS collision. However, another issue happens when NR UE perform LTE CRS rate matching. As the LTE CRS rate matching pattern configures MBSFN subframe #3, NR UE may misunderstand the MBSFN subframe #3 in its own subframe #3. Without the LTE/NR frame boundary offset information to NR UEs, there is a mismatch of MBSFN subframe, and non-MBSFN subframe which need perform CRS rate matching for NR PDSCH.
To allow NR UEs figure out the exact MBSFN subframe configuration, NR UE need to be know the LTE/NR frame offset information. This new IE can be added in the IE ‘RateMatchPatternLTE-CRS’.
[image: ]
[image: ]
Figure 3: NR SSB candidate position for B41/n41 DSS with LTE/NR frame offset
In summary, the following is proposed to address the remaining issue of SSB transmission in TDD band LTE/NR spectrum sharing:
Proposal xx: Adopt the following options to support TDD band LTE/NR spectrum sharing:
· Option 1: Support SSB case A (15kHz) with L=8 SSBs from 2.4GHz to allow SSB transmission in a LTE TDD candidate MBSFN subframe 
· Option 2: Add a new IE ‘LTE/NR frame offset (#subframes)’ under ‘RateMatchPatternLTE-CRS’ to allow NR UE figure out the LTE frame timing and proper MBSFN configurations.



Companies are encouraged to provide their views on this proposed solution and potential alternative if any.
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11. TRS muting
In [18], the following remaining issue regarding TRS is identified.
	On a carrier smaller than 52 RB, TRS need to span across whole BWP. In addition, R15 UEs support only BWP sizes corresponding to nominal channel BW (CBW), e.g. 5MHz and 10MHz. An operator may not deploy R15 NR with reduced BW between 5MHz and 10MHz due to necessesity to transmit TRS within whole 10MHz BWP.   

[image: ]



As below, it is proposed to introduce TRS muting when a subset of TRS RBs is overlapping with RBs indicated in RateMatchPattern and certain conditions are met.
	[bookmark: _Toc20317989]5.1.6.1.1	CSI-RS for tracking
~
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info on a carrier , 
· when a contiguous subset of the resource blocks of NZP CSI-RS resources overlaps with resoure blocks indicated in resourceBlocks given by RateMatchPattern in ServingCellConfigCommon, bitmap configured in symbolsInResourceBlock of the RateMatchPattern indicates all the symbols as not available for PDSCH, periodicityAndPattern is not provided in RateMatchPattern, and
· when the index of the overlapping RB and symbol level resource set is not contained in rateMatchPatternGroup1 or rateMatchPatternGroup2, and
· when the subset of non-overlapping resource blocks of the NZP CSI-RS resources is contiguous, and
· when the number of non-overlapping resource blocks is at least 34,    
the UE does not expect NZP CSI-RS to be present in these overlapping resource blocks.  



Companies are encouraged to provide their views on this proposed solution and potential alternative if any.
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TS 38.212
7.3.1.1.2 Format0_1

—UL-SCH indicator — 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH
and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI
format 0_1 with CRC scrambled by SP-CSI-RNTI, a UE is not expected to receive a DCI format
0_1 with UL-SCH indicator of "0" and CSI request of all zero(s)
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7.3.1.1.2

Format 0_1

<Unchanged parts are omitted>

—< Unchanged parts are omitted >

—UL-SCH indicator — 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH
and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI
format 0_1 with CRC scrambled by SP-CSI-RNTI, a UE is not expected to receive a DCI format
0_1 with UL-SCH indicator of "0" and CSI request of all zero(s) and SRS request of all zero(s).

—<Unchanged parts are omitted>
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- RateMatchPatternLTE-CRS
‘The IE RateMatchPatternLTE-CRS is used to configure a patter to rate match around LTE CRS. See TS 38.214 [19], clause 5.14.2.

RateMatchPatternL TE-CRS information element

ASNISTART
TAG-RATEMATCHPATTERNLTE-CRS -START

RateMatchPatternlTE-CRS squance {
carrierfreqDl INTEGER (0..16383),
carrierBandwidthDL ENUMERATED {n6, nl§, n2S, ns0, n75, ml00, spare2, sparel},
mbsfn-SubframeCont igList 'EUTRA-MBSFN-Subf rameConf igList OPTIONAL,  -- Need ¥
nrofCRS-Ports {n1, n2, na},
v-shife {n0) nl. n2, 'n3, ne, ns}

TAG-RATEMATCHPATTERNLTE -CRS -STOP
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