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Introduction
This email thread discusses the RRM requirements for Tx switching between two uplink carriers in agenda 6.13.2 and the proposals on DL interruption in other papers in 6.13.1.5 are treated in this thread as well.  
List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: Invite companies to review the recommended WF in each sub-topic, and provide comments.
· 2nd round: TBA
Topic #1: Title
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003516
	CMCC
	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Proposal 1: No need to capture the applicability for DL interruption requirements in 38.133/36.133.
Proposal 2: DL interruption requirements should be defined in the unit of OFDM symbols, and the DL interruption length should be no more than the length of switching period.

	R4-2003642
	MediaTek inc.
	Proposal 1: Whether to introduce interruption requirements in RRM session is pending on the conclusion in RF session.
Proposal 2: The interruption requirement is in the unit of OFDM symbol.
Proposal 3: The interruption duration is +1 symbols.
Proposal 4: The interruption starting time is the 1st DL symbol fully or partially overlapped by the switch period.


	R4-2003978
	OPPO
	Observation 1: The interruptions can refer to those for UL SRS carrier switching.
Proposal 1: Define DL interruption in the unit of slot.
Proposal 2: The interruption on LTE carrier during UL TX switching for FDD+TDD CA or EN-DC can be defined as 2 subframes.
Proposal 3: The interruption on NR carrier during UL TX switching for FDD+TDD CA or EN-DC can be defined as 
	Victim Cell SCS(KHz)
	Interruption Length (slot)

	15
	[2]

	30
	[2]

	60
	[4]

	120
	[8]




	R4-2004896
	China Telecom
	Proposal 1: DL interruption time (if exist) should be not longer than UL switching time agreed in RF session.
Proposal 2: Define DL interruption requirement in the unit of OFDM symbols.
Proposal 3: Use the Rx reference timing for defining DL interruption requirements

	R4-2005024
	Huawei, HiSilicon
	Proposal 1: For FDD-TDD uplink CA, due to Tx switching between two uplink carriers, UE is allowed to cause DL interruption on NR carrier(s) depending on UE capability of X OFDM symbols that overlap with the UL switching period. 
Table 1. DL interruption length in the unit of OFDM symbols (X) for FDD-TDD uplink CA
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	2
	5
	7

	2
	0.25
	3
	9
	13


Proposal 2: For inter-band EN-DC, due to Tx switching between two uplink carriers, UE is allowed to cause DL interruption on LTE carriers depending on UE capability of Y OFDM symbols that overlap with the UL switching period and UE is allowed to cause DL interruption on NR carriers depending on UE capability of Z OFDM symbols that overlap with the UL switching period
Table 2. DL interruption length in the unit of OFDM symbols (Y) for inter-band EN-DC
	UL switching period

	35us
	140us

	2
	3


Table 3. DL interruption length on NR carrier(s) in the unit of OFDM symbols (Z) for inter-band EN-DC
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9




	Proposals on DL interruption from papers in 6.13.1.5 are treated in this thread

	R4-2003321
	CATT
	Proposal 3: DL interruption should be defined in the unit of OFDM symbols.

	R4-2003338
	Nokia, Nokia Shanghai Bell
	Proposal 1: No interruptions in DL reception are allowed due to UL switching in order to avoid further performance degradations due to UL switching.



Open issues summary
Sub-topic 1-1 whether need to capture the applicability for DL interruption requirements in 38.133/36.133.
· Proposals
· Option 1: No need to capture the applicability for DL interruption requirements in 38.133/36.133. Which duplex combination or which band combination is allowed to have DL interruption can be captured in RF specification (CMCC).
· Recommended WF
· If the DL interruption applicability is agreed to be captured in RF specification, RRM can directly refer to RF spec. Otherwise, the DL interruption applicability is captured in RRM spec.
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]Sub-topic 1-2: DL interruption granularity
· Proposals
· Option 1: in the unit of OFDM symbols (CMCC, MediaTek, China Telecom, Huawei, CATT) 
· Option 2:in the unit of Slot (OPPO)
· Recommended WF
· Is option1 agreeable?
Sub-topic 1-3: DL interruption length
· Proposals
· Option 1: DL interruption length should be no more than the length of switching period (CMCC, China Telecom)
· Option 2 (OPPO)
-The interruption on LTE carrier during UL TX switching for FDD+TDD CA or EN-DC can be defined as 2 subframes.
-The interruption on NR carrier during UL TX switching for FDD+TDD CA or EN-DC can be defined as 
	Victim Cell SCS(KHz)
	Interruption Length (slot)

	15
	[2]

	30
	[2]

	60
	[4]

	120
	[8]


· Option3 (Huawei, [MediaTek])
· For FDD-TDD uplink CA, UE is allowed to cause X OFDM symbols DL interruption on NR carrier(s), depending on UE capability 
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	2
	5
	7

	2
	0.25
	3
	9
	13


· For inter-band EN-DC, 
· UE is allowed to cause DL interruption of Y OFDM symbols on LTE carriers, depending on UE capability 
	UL switching period

	35us
	140us

	2
	3


· UE is allowed to cause DL interruption of Z OFDM symbols on NR carriers, depending on UE capability 
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9



· Option 4: No interruptions in DL reception are allowed due to UL switching (Nokia)
· Recommended WF
· Needs discussion
Sub-topic 1-4: DL interruption location
· Proposals
· Option 1a: The interruption starting time is the 1st DL symbol fully or partially overlapped by the switch period (MediaTek)
· Option 1b: DL interruption are the OFDM symbols overlap with the UL switching period (Huawei)
· Option 2: Use the Rx reference timing for defining DL interruption requirements, i.e., the interruption starting time is aligned with starting time of the 1st impacted DL OFDM symbol (China Telecom)
· Recommended WF
· Option 1a and 1b are similar. Are these acceptable?
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	China Telecom










	Sub topic 1-1: 
Generally ok with the recommended WF.
Sub topic 1-2: 
It is important to agree on option 1. As presented in our paper, the UL Tx switching can happen very frequently, for example, up to 4 times per 5ms when carrier 2 is TDD with DDDSU+DDSUU and 30kHz SCS as shown in figure below. In case DL interruption requirement is defined in the unit of slot, the impact on DL performance will be very significant.
[image: ]

Sub topic 1-3:
Support option 1, i.e., the interruption time in RRM requirements should be no more than   symbols.
For option 2, as discussed in sub-topic 1-2, we cannot agree to define the requirements in the unit of slot.
For option 3, it looks the reason for adding 1 additional symbol for DL interruption is due to the TA, i.e., timing difference between DL and UL. Actually, even if we consider a large UE-BS distance of 500 m, the propagation delay is only 1.67 us, so we wonder why 1 additional symbol is needed. Moreover, as discussed in sub-topic 1-4, we propose to use the Rx reference timing for defining DL interruption requirements, i.e., the interruption starting time is aligned with starting time of the 1st impacted DL OFDM symbol.
For option 4, it can be discussed in RF session. In RRM session, we focus on how to define interruption requirements, while the decision on the applicability of requirements is to be made in RF session.
Sub topic 1-4: 
By using option 2, the 1st impacted DL symbol shall be fully overlapped by the UL switch period, unless the UL switch period is shorter than 1 symbol.

	MTKXXX
	Sub-topic 1-1 whether need to capture the applicability for DL interruption requirements in 38.133/36.133
Support the WF. 
There should be somewhere to capture the applicability rule in 3GPP spec. If RF spec already did, it is OK to skip this in RRM spec. Otherwise, RRM can have it.
Sub-topic 1-2: DL interruption granularity 
Support Option 1. 
There is no intention to update other interruption requirements with symbol-based duration.
Sub-topic 1-3: DL interruption length
Support Option 3. 
Huawei’s calculation actually is more accurate than our proposal.
Sub-topic 1-4: DL interruption location
All options now have the same meaning. Sub topic 1-1: 
Sub topic 1-2:
….
Others:

	Huawei, HiSilicon
	Sub-topic 1-1: 1.2.1	Sub-topic 1-1 whether need to capture the applicability for DL interruption requirements in 38.133/36.133
Agree with the recommended WF.
Sub-topic 1-2: DL interruption granularity
Option1
Sub-topic 1-3: DL interruption length
The uplink transmission and Tx switching are based on uplink timeline. Considering the TA and UE uplink transmission accuracy, the starting point of Tx switching may happen in the middle of a DL symbols. Thus one OFDM symbol will be added on top of the TX UL transmission period. The principle from MTK is aligned with us.
Moreover two cases shall be considered:
1. FDD-TDD uplink CA. UL transmission period is 35us, 140us, 210us depending on UE capability. The SCS of impacted cells can be 15kHz, 30kHz and 60kHz.
2. inter-band EN-DC, the impacted cells can be LTE cells and NR cells. The UL transmission period is 35us, 140us.
Sub-topic 1-4: DL interruption location
Option 1a and 1b are the same.

	CMCC
	Sub topic 1-1: 
Support the recommended WF
Sub topic 1-2: 
Support option 1. Switching between case 1 and case 2 can happen frequently. Interruption in the unit of slot will decrease the DL throughput badly.
Sub topic 1-3:
Agree that maybe 1 additional symbol is needed for DL interruption considering the TA.
Regarding Huawei’s comments, the number of impacted DL symbols for DL interruption can be based on the SCS of impacted cells.
Sub topic 1-4: 
It seems that option 1a 1b and 2 are the same. OK with the principle.

	OPPO
	Sub-topic 1-1:
Agree with the recommended WF. 
Sub-topic 1-2 and 1-3 
We can compromise to symbol-based duration if no one else objects. 
And based on this, the general framework in option 3 of sub-topic 1-3 is acceptable. The interruption can be defined according to UE capabilities for UL CA and EN-DC. Besides, some values here need to be further checked, leaving them with square brackets if possible in this meeting.
Sub-topic 1-4: DL interruption location
Agree with the recommended WF.

	Apple
	Sub-topic 1-1:
We are OK with the WF
Sub-topic 1-2: Option 1
Sub-topic 1-3: 
There are two factors to be considered. One is TA adjustment accuracy which is up to ~130ns. The other is the MRTD, which is up to 33us. That means the interruption can happen anywhere within the duration of UL switching period+2*MRTD+2*TA adjustment accuracy. It is noted that NW has no idea where the interruption is exactly located within this duration. To avoid the whole slot to be interrupted, NW should not schedule UE for the whole duration. With this, the interruption length is 
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	
	
	Uncertainty UL switching window

	
	
	101us
	206us
	276us

	0
	1
	3
	5
	5

	1
	0.5
	4
	7
	9

	2
	0.25
	7
	13
	17

	
	
	
	
	



Sub-topic 1-4: we should also consider MRTD for other DL CC which is not associated with UL. So, the starting time is determined by TA+TA uncertainty+MRTD

	
	

	Qualcomm
	Sub-topic 1-1:
We would be fine to capture this in the RF but there should be a clear framework on the switching time and applicable interruptions.
Sub-topic 1-2:
Option 2 is agreeable to us.
Sub-topic 1-3:
Option 3 seems fine. TA should be taken into account, sometimes it can be rather large and even a loss of a few us will likely lead to degradation in throughput.
Sub-topic 1-4:
Proposed WF is acceptable to us.



	Nokia
	Sub-topic 1-1:
If interrupts are allowed and as such captured in RF specification it could be enough to rfer to those specifications. However, there is no agreement yet whether interruptions are allowed and RAN4 is awaiting reply from RAN1.
Sub-topic 1-2:
It has not been agreed yet in RF whether interrupts are allowed and hence it seems premature to discuss interruption granularity. RF is also awaiting RAN1 input.
Sub-topic 1-3:
Option 4
Sub-topic 1-4:
The actual interruption location can of course be discussed if interrupts will be allowed.


 
CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2003764
	China Telecom: For section 7.32.2.12:
1) Correct two typos in the second paragraph:
When uplink switching is conducted, UE is allowed to cause DL interruption of X OFDM symbols, which overlap with the UL switching period, on NR E-UTRA carrier(s) depending on UE capability [TBD]. The DL interruption lengths of X for NR E-UTRA carrier(s) are defined in Table 7.32.2.12-1.
2) Update DL interruption length in Table 7.32.2.12-1 based on the discussion outcome in this meeting.Company A

	
	Company BNokia: Based on the fact that it has not been agreed whether interrupts are allowed or not in RF session, RRM session need to wait to agree on CRs related to such interruptions. Once there has been a decision RRM can proceed accordingly.
CR should be postponed.

	
	

	R4-2005025
	China Telecom: Update DL interruption length in the tables based on the discussion outcome in this meeting.Company A

	
	Nokia: Based on the fact that it has not been agreed whether interrupts are allowed or not in RF session, RRM session need to wait to agree on CRs related to such interruptions. Once there has been a decision RRM can proceed accordingly.
CR should be postponed.Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Sub-topic 1-1: whether need to capture the applicability for DL interruption requirements in 38.133/36.133
Tentative agreements:
If the DL interruptions are allowed and the DL interruption applicability is agreed to be captured in RF specification, RRM can directly refer to RF spec. Otherwise, the DL interruption applicability is captured in RRM spec.
Candidate options:
Recommendations for 2nd round:
The decision on whether the applicability of requirements is to be made in RF session. In RRM session, we suggest to focus on how to define interruption requirements.

	Sub-topic#2
	Sub-topic 1-2: DL interruption granularity
8 companies discussed this issue. 6 companies agree with OFDM symbol level interruption. Qualcomm’s view on this topic is option 2(in unit of slot), however in sub-topic 1-3, they support option 3 which is based on the OFDM symbol. So could we think Qualcomm agree with the OFDM symbol level interruption? We put Qualcomm name in the brackets in the summary. Please check it.
One company think it has not been agreed yet in RF whether interrupts are allowed and hence it seems premature to discuss interruption granularity. 
We suggest that the discussion and decision on whether the DL interruption is allowed is to be made in RF session. In RRM session, we focus on how to define interruption requirements.
Tentative agreements:
No tentative agreements.

Candidate options:
· Option 1: in the unit of OFDM symbols(CMCC, MediaTek, China Telecom, Huawei, OPPO, Apple, CATT, [Qualcomm])
· Option 2: It has not been agreed yet in RF whether interrupts are allowed and hence it seems premature to discuss interruption granularity. RF is also awaiting RAN1 input. (Nokia)

Recommendations for 2nd round:
The discussion and decision on whether the DL interruption is allowed is to be made in RF session. In RRM session, we focus on how to define interruption requirements.

	Sub-topic#3
	Sub-topic 1-3: DL interruption length
Tentative agreements:
No tentative agreements.
Candidate options:
Option 1: DL interruptions are allowed (CMCC, MediaTek, China Telecom, Huawei, OPPO, Apple, Qualcomm)
· Option 1a: DL interruption length should be no more than the length of switching period (China Telecom)
· Option 1b: (Huawei, MediaTek, CMCC, OPPO, Qualcomm)
· For FDD-TDD uplink CA, UE is allowed to cause X OFDM symbols DL interruption on NR carrier(s), depending on UE capability 
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	2
	5
	7

	2
	0.25
	3
	9
	13


· For inter-band EN-DC, 
· UE is allowed to cause DL interruption of Y OFDM symbols on LTE carriers, depending on UE capability 
	UL switching period

	35us
	140us

	2
	3


· UE is allowed to cause DL interruption of Z OFDM symbols on NR carriers, depending on UE capability 
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9


· Option 1c (Apple)
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	
	
	Uncertainty UL switching window

	
	
	101us
	206us
	276us

	0
	1
	3
	5
	5

	1
	0.5
	4
	7
	9

	2
	0.25
	7
	13
	17

	
	
	
	
	


Option 2: No interruptions in DL reception are allowed due to UL switching (Nokia)

Recommendations for 2nd round:
Further discussion on the options under option 1 (if DL interruptions are allowed).

	Sub-topic#4
	Sub-topic 1-4: DL interruption location
Tentative agreements:
If DL interruptions are allowed, the DL interruption are the OFDM symbols fully or partial overlapped with the UL switching period.
Candidate options:
Recommendations for 2nd round:



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	Way forward on DL interruption on LTE carriers at Tx switching between two uplink carriers
	Huawei, HiSilicon




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	R4-2003764
	Return to

	R4-2005025
	Return to



Discussion on 2nd round (if applicable)
Session chair: Further discuss the DL interruption parameters under assumption that DL interruptions are allowed. If the RF session reaches the conclusion that interruptions are not allowed, then the requirements will not be added to specs.
Following session chair’ guidance, the issues discussed during 2nd round are listed as below.
Sub-topic 1-2: DL interruption granularity
In the first round discussion 8 companies discussed this issue. 6 companies agree with OFDM symbol level interruption. Qualcomm’s view on this topic is option 2(in unit of slot), however in sub-topic 1-3, they support option 3 which is based on the OFDM symbol. So could we think Qualcomm agree with the OFDM symbol level interruption? We put Qualcomm name in the brackets.
· Proposals
· Option 1: in the unit of OFDM symbols (CMCC, MediaTek, China Telecom, Huawei, OPPO, Apple, CATT, [Qualcomm])
· Recommended WF
· Option 1 is agreeable.
Sub-topic 1-3: DL interruption length
· Proposals
· Option 1: DL interruptions are allowed (CMCC, MediaTek, China Telecom, Huawei, OPPO, Apple, Qualcomm)
· Option 1a: DL interruption length should be no more than the length of switching period (China Telecom)
· Option 1b: (Huawei, MediaTek, CMCC, OPPO, Qualcomm)
- For FDD-TDD uplink CA, UE is allowed to cause X OFDM symbols DL interruption on NR carrier(s), depending on UE capability 
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	2
	5
	7

	2
	0.25
	3
	9
	13


-For inter-band EN-DC, 
UE is allowed to cause DL interruption of Y OFDM symbols on LTE carriers, depending on UE capability 
	UL switching period

	35us
	140us

	2
	3


UE is allowed to cause DL interruption of Z OFDM symbols on NR carriers, depending on UE capability 
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9


· Option 1c (Apple)
	
u
	NR slot length (ms)
of victim cell
	UL switching period

	
	
	35us
	140us
	210us

	
	
	Uncertainty UL switching window

	
	
	101us
	206us
	276us

	0
	1
	3
	5
	5

	1
	0.5
	4
	7
	9

	2
	0.25
	7
	13
	17

	
	
	
	
	


· Recommended WF
Further discussion 
Sub-topic 1-4: DL interruption location
· Proposals:
· Option 1: the DL interruption are the OFDM symbols fully or partial overlapped with the UL switching period.
· Option 2: the starting time is determined by TA+TA uncertainty+MRTD
· Recommended WF
Further discussion
[bookmark: _GoBack]Companies views’ collection for 2nd round 
Open issues 
	Company
	Comments

	xxx




	Sub topic 1-2: 
xxx
Sub topic 1-3:
xxxx
Sub topic 1-4: 
Xxx

	China Telecom

	Sub topic 1-3:
We can accept option 1b to define RRM interruption requirements in 38.133 considering other non-ideal factors in timing, but we want to add one bullet on the DL interruption time itself in the WF. 
· DL interruption time in the unit of us is not larger than UL switching time agreed in RF session.

Sub topic 1-4:
This is related to sub-topic 1-3. We prefer option 1.

	MTK




	Sub topic 1-2: Option 1
Sub topic 1-3: Option 1b
Sub topic 1-4: Option 1. We think both options are still trying to address the same issue. The only difference is whether to explicitly calculate the exact timing difference between UL symbol and DL slot boundaries. In our understanding, such a calculation is impossible and unnecessary in spec. One reason is that MRTD is just the max timing difference, but the actual timing difference between CCs could be far smaller and is never captured anywhere is spec. The other reason is that UE may be under process to gradually adjust UL Tx timing. During this process, there is no accurate formulation to present the exactly timing difference between UL symbol and DL slot boundaries of a UE.

	CMCC
	Sub topic 1-2: support option 1. Agree with the recommended WF.
Sub topic 1-3: support option 1b
Sub topic 1-4: support option 1.

	Huawei, HiSilicon
	Sub topic 1-2: support option 1.
Sub topic 1-3: support option 1b.  
Sub topic 1-4: support option 1. Agree with MTK’s comments.

	Apple
	1-2: Option 1
1-3: option 1c. The reason why interruption can be specified in symbol level is based on the assumption that NW knows exactly where the interruption is and can avoid the scheduling correspondingly, thanks to NR flexible scheduling mechanism. To some extend, we can also call this kind of interruption as scheduling restriction. 

This is different from the conventional interruption we have defined where interruption impacts the scheduled symbols. Even with part of slot interrupted, there is a risk that the whole slot won’t be able to be detected. In this case, the interruption is defined in slot level.

If we define the interruption in symbol level, NW should restrict the scheduling on all potentially impacted symbols. 


	OPPO
	Sub topic 1-2: support option 1.
Sub topic 1-3: we can also support option 1c proposed by Apple. As we suggested in 1st round discussion, some values in option 1b need to be further checked. It is better to leave them with square brackets if possible in this meeting.
Sub topic 1-4: support option 1. Agree with MTK’s comments

	Qualcomm
	Sub-topic 1-2: We support option 1. There was a typo in our comments for the 1st round. We wanted to comment that we support symbol level interruption length
Sub-topic 1-3. We support option 1b but we agree with Oppo that it would be good to have the values in [] to check on the exact impact with large TA values.
Sub-topic 1-4. We do not understand the difference between the options. If any partial symbol overlaps a part of the switch, it will be lost.



Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2005416
(WF)
	agreeable

	R4-2005420
(CR in TS 36.133)
	agreeable

	R4-2005421
(CR in TS 38.133)
	agreeable
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