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1. Prior agreements
The following was agreed in RAN1#94:
Agreement
RAN1 expects that UE behavior for receiving the following combinations will be clarified in RAN4

· SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP in combination with PDSCH/PDCCH

· (CSI-RS RLM, CSI-RS RRM, CSIRS-BFD) in combination with (SSB SSB-RRM/SSB-RLM/SSB-BFD/SSB-L1-RSRP)

· (CSIRS-RRM, CSIRS-L1-RSRP-Rep-OFF) in combination with PDSCH

· Immediate RAN1 actions are not needed. RAN1 may discuss if needed following RAN4 decisions.

Send an LS to RAN4 (Bishwarup to draft LS)

R1-1809881
draft LS on UE behaviour on reception of channels or RS in the same OFDM symbol
Intel

Agreement

Send an LS to RAN4 with the following questions (LS is endorsed in R1-1809890):
The following was noted in RAN1#94:
R1-1809882
Guidance on simultaneous reception of channels or RS
Intel

Companies are encouraged to check the tdoc for discussions on simultaneous TX/RX in future RAN1 meetings.
2. Downlink multiplexing issues

2.1 Rate-matching
Note that RAN4 has agreed and in certain cases specified a concept of scheduling availability or scheduling restriction applicable to certain downlink symbols related to this issue of simultaneous reception at the UE.
Also note the conclusion from RAN1#93 with respect of SSB-RRM within SMTC window: 

· With respect to agreement made in RAN4 2018 Ad-hoc #1 stating “Note: whether or not to define specific behavior for rate matching around above symbols is up to RAN1”, RAN1 will not define any additional rate matching behavior in Rel-15.

However, there has been no discussions in RAN1 on the rate-matching behaviour when scheduling restriction is applied to CSI-RS that may restrict scheduling in less than 4 symbols (4 symbols are restricted due to SSB). In order to define rate-matching behaviour in RAN1 the specific cases where rate-matching is applied has to be also clarified. Note that the IE RateMatchPattern can be used to configure one rate matching pattern for PDSCH.
It is also noted that RAN4 terminology used for scheduling restriction can be clarified in RAN1, these include SSB-based L1-RSRP measurement, CSI-RS-based L1-RSRP measurement, SSB-based L3 measurement, CSI-RS-based L3 measurement.
Therefore the following RAN1 actions are possible:
1. No additional rate matching behaviour is defined for symbols applicable to scheduling restriction

2. Define additional UE behaviour for rate-matching around symbols that are applicable for scheduling restriction

a. Except SSB-RRM within SMTC window case that has been concluded in RAN1 already
3. Clarify RAN4 terminology used for applying scheduling restriction: SSB-based L1-RSRP measurement, CSI-RS-based L1-RSRP measurement, SSB-based L3 measurement, CSI-RS-based L3 measurement
Company views:

	Company
	Comments

	Huawei/HiSilicon
	We see values in Action 2 as it can help clarifying UE behaviour due to scheduling restriction and also facilitate gNB scheduling. LS to RAN4 may be needed when discussing Action 3.  

	Samsung
	Alt 1. As mentioned in the above, implementation of scheduling restriction can be achieved by using RateMatchPattern and ZP CSI-RS.

	Intel
	Not a strong preference but RateMatchPattern offers the ability to the gNB to schedule around SSBs and CSI-RSs, so Action 1 may be enough. What enhancements are needed for Alt-2 is the question.

	Ericsson
	Action 2+Action 3

	LGE
	Action 1, with agreeing Samsung’s explanation, i.e., no need to update current specifications.

	Qualcomm
	Alt. 1. There are already several options for rate matching PDSCH, so we prefer to not specify an additional UE behaviour this late. 

	Nokia
	Action 2

	
	


2.2 SSB+CSIRS (CSI, TRS)
The scope of CSI-RS considered here is limited to CSI-RS for CSI measurements and tracking. Proposed solutions can be categorized as follows:

1. NW configuration should ensure same spatial QCL
2. Scheduling restriction: UE is not expected to receive FDM multiplexing of SSB (for RRM, L1-RSRP measurement) and CSIRS (for CSI and tracking)
	Company
	Comments

	Qualcomm
	Alt. 2 . It was already discussed and agreed before that this is not supported.

	Huawei/HiSilicon
	Alt 1.

	Samsung
	No specification change is needed.

	Intel
	We agree, RAN4 agreements cover this case already since scheduling restriction is applied on the SSB symbols, no further RAN1 discussions or specifications is needed

	Ericsson
	Alt 1 

	ZTE
	Alt 1. 

	LGE
	Alt 2, agreeing with Qualcomm, Samsung, Intel. Note this issue has discussed several times also in RS-MUX AI. No need to discuss repeatedly.

	Nokia
	Alt. 1 

	
	


2.3 CSIRS (CSI, TRS) +PDSCH
The scope of CSI-RS considered here is limited to CSI-RS for CSI measurements and tracking. Proposed solutions can be categorized as follows:
1. NW configuration should ensure same spatial QCL

2. PDSCH is prioritized for spatial QCL purposes

3. Define UE behavior depending on scheduling offset

4. CSI-RS for CSI is prioritized over PDSCH and for the case of CSI-RS for Tracking + PDSCH it is up to UE implementation
5. 
	Company
	Comments

	Qualcomm
	Alt. 1 We are OK with Alt 1 and removing Alt. 5 as an option

	Huawei/HiSilicon
	First prioritize channel/signal with smaller SCS, then prioritize PDSCH over CSI-RS if same SCS. 

	Samsung
	Alt. 2

	Intel
	We should merge Alt 1 and Alt 5 – they are two slightly different ways of capturing the same solution. We support this option.

	Ericsson
	Alt 4

	ZTE
	Alt3: 
· First priority: PDSCH with scheduling offset > threshold
· Second priority: ap-CSI-RS

· Third priority: sp-CSI-RS/p-CSI-RS 

· Forth priority: candidate  PDSCH with scheduling offset < threshold, as well as candidate ap-CSI-RS with scheduling offset < threshold



	LGE
	Alt 1, which should be the only supported case for FDMing CSI-RS and PDSCH. Regarding Alt 5, it should be handled by proper gNB implementation without introducing new rate matching behaviors.

	Nokia
	Alt. 2


2.4 CSIRS (CSI, TRS) +PDCCH
The scope of CSI-RS considered here is limited to CSI-RS for CSI measurements and tracking. Note prior RAN1#93 agreement

Agreement

For the case of CSIRS+PDCCH on the same OFDM symbols where spatial QCL is configured for CSI-RS
1. NW configuration should ensure spatial QCL

a. UE is not expected to be configured with CSI-RS with repetition=ON in the symbols UE is configured to monitor the CORESET

Above agreement applies to both same BWP as well as intra-band CA if spatial QCL is applicable.

Proposed solutions can be categorized as follows:

1. Apply previous RAN1 agreement: NW configuration should ensure spatial QCL. No need for further definition of UE behavior for the case of CSIRS not configured with spatial QCL.
2. PDCCH is prioritized for spatial QCL purposes
	Company
	Comments

	Qualcomm
	Alt. 1 

	Huawei/HiSilicon
	First prioritize channel/signal with smaller SCS, then prioritize PDCCH over CSI-RS if same SCS.

	Samsung
	Prioritize PDCCH

	Ericsson
	Alt 2

	ZTE
	Alt. 1. No further discussion is need. 

	LGE
	Alt 1, which is clearly agreed, so that no further discussions are needed.

	Nokia
	Alt. 1 


2.5 CSIRS+CSIRS

The scope of CSI-RS considered here is applicable to all cases except CSIRS-RRM/RLM/BFD/L1-RSRP + CSIRS-RRM/RLM/BFD/L1-RSRP. Proposed solutions can be categorized as follows.

1. NW configuration ensures spatial QCL for all cases
2. Scheduling restriction applied when CSI-RS configured for L1-RSRP with repetition = ON is multiplexed with other CSI-RS types. For all other cases NW configuration ensures spatial QCL
3. Solutions depending on P/SP/AP CSIRS
4. Solutions depending on P/SP/AP CSIRS and scheduling offset

	Company
	Comments

	Qualcomm
	Alt. 2

	Huawei/HiSilicon
	First prioritize channel/signal with smaller SCS, then prioritize CSI-RS with more dynamic time domain behaviour (i.e., AP > SP > P).

	Samsung
	Alt. 1

	Intel
	Note in the spirit of the RAN4 agreement of scheduling restriction applied to the case of CSI-RS for L1-RSRP with repetition=ON, we would like to at least protect this particular combination. For other combinations (not involving repletion=ON) we don’t have a strong preference.

	Ericsson
	Alt 3

	ZTE
	Alt. 4

· First priority: ap-CSI-RS

· Second priority: sp-CSI-RS/p-CSI-RS

· Third priority: candidate  PDSCH with scheduling offset < threshold, as well as candidate ap-CSI-RS with scheduling offset < threshold 

	LGE
	Alt 1, which can simply resolve many cases in a unified way as in the above.

	Nokia
	Alt. 3


2.6 PDCCH+PDSCH
Proposed solutions can be categorized as follows.
1. CORESET is prioritized, QCL associated with CORESET is applied to PDSCH
2. PDSCH is prioritized depending on scheduling offset

a. Before threshold, CORESET is prioritized

b. After threshold, PDSCH is prioritized

3. Solutions depending on search space type

	Company
	Comments

	Qualcomm
	Alt. 2. Alt. 1 will not work because a PDSCH may collide with multiple CORESETs, each one having different spatial QCL. If this happens, which spatial QCL should be prioritized.

	Huawei/HiSilicon
	First prioritize channel/signal with smaller SCS, then prioritize broadcast PDCCH/PDSCH over unicast PDCCH and then unicast PDSCH.

	Samsung
	Alt. 1

	Intel
	No strong opinion, but we really think we should make a decision this meeting – a large majority of companies are ok so far with Alt 1.

	Ericsson
	Alt 1

	ZTE
	Alt. 2

	Nokia
	Alt. 1

	
	


3. Uplink multiplexing issues

3.1 PUSCH+PUSCH

Proposed solutions can be categorized as follows. 

1. NW configuration should ensure the same spatial relation

2. Prioritization based on Pcell/CC index

3. Prioritization based on scheduling RNTI 
4. Prioritization based on time behavior
	Company
	Comments

	Qualcomm
	For same CC, this is not supported

For intra-band CA: Alt. 1.  
For inter-band CA FR1+FR2 there is no need of any constraint because they are different RF. 
For FR2+FR2 inter-band CA, send LS to RAN4 to decide whether same QCL constraint is needed depending on the possible band combinations (e.g., 28 Ghz +39 Ghz there is no need of a constraint, but for other combinations, RAN4 guidance is needed).

	Huawei/HiSilicon
	First prioritize channel/signal with smaller SCS, then prioritize based scheduling RNTI (i.e., CS-RNTI (Grant-free) > C-RNTI (Grant-based) > SP-CSI-RNTI).

	Samsung
	For same CC, this is not supported. 

For CA cases, prioritize beam indication of pCell or cells which has lower ID.

	Ericsson
	Alt 3. Agree with Huawei

	ZTE
	Alt 4. ap-PUSCH > sp-PUSCH.

	Nokia
	Alt. 3

	
	


3.2 SRS+SRS

Proposed solutions can be categorized as follows. 

1. NW configuration should ensure the same spatial relation
2. Prioritization based on AP/SP/P SRS SRS
	Company
	Comments

	Qualcomm
	For same CC and NCB SRS + NCB SRS: Alt. 1
Intra-band CA: Alt-1 + SRS resources fully time-domain overlapped 

· Note: If SRS switching, the UE only expects to be configured with consistent transmissions related to antenna switching.

Inter-band CA: For inter-band CA FR1+FR2 there is no need of any constraint because they are different RF. For FR2+FR2 inter-band CA, send LS to RAN4 to decide whether same QCL constraint is needed depending on the possible band combinations (e.g., 28 Ghz +39 Ghz there is no need of a constraint, but for other combinations, RAN4 guidance is needed).


	Huawei/HiSilicon
	First prioritize channel/signal with smaller SCS, then prioritize CSI-RS with more dynamic time domain behavior (i.e., AP > SP > P).

	Ericsson
	Alt 2

	ZTE
	Alt1.

	Nokia
	Alt. 2

	
	


3.3 SRS+PUCCH/PUSCH
It has been pointed out that the following agreement was reached in RAN1#91:

Agreement:

Only support TDM between SRS and PUSCH/UL DMRS/UL PTRS/Long PUCCH in Rel-15 from UE perspective.
And the following agreement was reached in RAN1#93:

Agreements:
· The UE is not expected to be configured to transmit on the same OFDM symbol with an SRS resource and a PUCCH/PUSCH across different CCs in intra-band CA

· Note: no spec change is needed. 

· Parallel SRS and PUCCH/PUSCH transmissions across CCs is supported in inter-band CA. 
· Note: if case parallel SRS and PUCCH/PUSCH is supported, the SRS resource does not belong to a set which is for antenna switching, if the SRS resource set for antenna switching has more than one SRS resource (T < R)

· Supporting of this feature is subject to UE capability which is a separate capability
Agreements:

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

Based on the above we can observe that FDM multiplexing of SRS+PUCCH/PUSCH is applicable for inter-band CA case.
Proposed solutions can be categorized as follows. 

1. NW configuration should ensure the same spatial relation
2. PUCCH/PUSCH is prioritized

	Company
	Comments

	Qualcomm
	For inter-band CA FR1+FR2 there is no need of any constraint because they are different RF. For FR2+FR2 inter-band CA, send LS to RAN4 to decide whether same QCL constraint is needed depending on the possible band combinations (e.g., 28 Ghz +39 Ghz there is no need of a constraint, but for other combinations, RAN4 guidance is needed).

	Huawei/HiSilicon
	First prioritize channel/signal with smaller SCS, then prioritize PUCCH or PUSCH over SRS.

	Ericsson
	Alt 2

	ZTE
	For inter-band CA FR1+FR2 there is no need of any constraint because they are different RF.

	Nokia
	Alt .2
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