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1	Introduction
On RAN4#86Bis, MediaTek has the discussion paper to discuss the gap interruption in synchronous EN-DC case. 
	MediaTek’s contribution [1]:
· Proposal 1: For gap configured by LTE PCell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on NR serving cell(s) with 30/60/120KHz SCS in the slot before measurement gap even in synchronous EN-DC.
· Proposal 2: For gap configured by LTE PCell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on NR serving cell(s) with 30/60/120KHz SCS in the slot after measurement gap even in synchronous EN-DC.
· Proposal 3: It is important for network to avoid the collision of measurement gap with reference signals for DMRS, timing/frequency tracking, phase tracking, beam management and CQI acquisition.


In this paper, we would like to further discuss this problem for both sync EN-DC and Standalone CA case, provided certain level of MRTD requirement will be completed for NR CA case, which we may see similar problem as EN-DC scenario. Furthermore, it is expected that the interrupted slot numbers for synchronous EN-DC and SA case shall be completed in this meeting (e.g., bracket removal or value revision), so this topic should be finalized to make the Rel-15 specification compelete. 
2 Interrupted Slot Number in Sync EN-DC
As endorsed in previous meeting, the slot numbers expected to be interrupted for sync EN-DC case given by per-UE gap or per-FR gap for FR1 is captured in Table 9.1.2-4, and per-FR gap for FR2 captured in Table 9.1.2-4b in TS38.133, as below. 
	Table 9.1.2-4: Total number of interrupted slots on SCG during MGL for Synchronous EN-DC with per-UE measurement gap or per-FR measurement gap for FR1
	NR SCS (kHz)
	Total number of interrupted slots on SCG

	
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.5ms is applied

	
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	15
	6
	4
	3
	7
	5
	4

	30
	[12]
	[8]
	[6]
	[12]
	[8]
	[6]

	60
	[24]
	[16]
	[12]
	[24]
	[16]
	[12]

	120
	[48]
	[32]
	[24]
	[48]
	[32]
	[24]

	Note1:	For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on MCG is MGL subframes when MG timing advance of 0ms is applied, and (MGL+1) subframes when MG timing advance of 0.5ms is applied.
Note2: 	NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.



Table 9.1.2-4b: Total number of interrupted slots on FR2 serving cells during MGL in case with per-FR measurement gap for FR2
	NR SCS (kHz)
	Total number of interrupted slots on FR2 serving cells

	
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.25ms is applied

	
	MGL=5.5ms
	MGL=3.5ms
	MGL=1.5ms
	MGL=5.5ms
	MGL=3.5ms
	MGL=1.5ms

	60
	[22]
	[14]
	[6]
	[22]
	[14]
	[6]

	120
	[44]
	[28]
	[12]
	[44]
	[28]
	[12]


 



However, as far as our understanding, the above conclusion is obtained based on the assumption that switching time should be reserved for 0.25ms for when the inter-frequency cells are in FR2 and the per-FR gap is configured to the UE, and 0.5ms for other cases. This part is also captured in current specification. 
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When measurement gaps are needed, the UE is not expected to detect SSB which start earlier than the gap starting time + switching time, nor detect SSB which end later than the gap end – switching time. Switching time is 0.5ms for frequency range FR1 and 0.25ms for frequency range FR2.
…
9.3	NR inter-frequency measurements 
9.3.1	Introduction
…
When measurement gaps are needed, the UE is not expected to detect SSB on an inter-frequency measurement object which start earlier than the gap starting time + switching time, nor detect SSB which end later than the gap end – switching time. When the inter-frequency cells are in FR2 and the per-FR gap is configured to the UE, the switching time is 0,25ms Otherwise the switching time is 0.5ms.



On the other hand, 33us is agreed to be the MRTD requirement for inter-band synchronous EN-DC case, which is not scaled according to SCS in PSCell. 
2.1 Per-UE gap or Per-FR gap for FR1
As mentioned in MediaTek’s discussion paper [1], the MRTD (33us) has introduced the uncertainty for PSCell’s timing relevant to PCell, in which PSCell’s interrupted time duration should follow PCell as timing reference. In other words, with 500us switching time and 33us MRTD, it is equivalent to have the PSCell complete the RF retuning within 467us. 

Victim FR1 NR PSCell interrupted by per-UE or per-FR1 gap:
For victim FR1 NR PSCell interrupted by per-UE or per-FR1 gap, with 33us MRTD for the worst case in synchronous EN-DC, at the beginning of measurement gap, UE can’t perform the RF retuning immediately, but need wait 33us to begin the retuning. Provided that the reduced switching time to be 467us, it provides additional challenging to UE implementation in terms of the following aspects: 
· In NR, for per-UE measurement gap, the RF retuning time could be more challenging than LTE, since the operating frequency is extended from LTE’s band to a much higher frequency range. 
· Even for per-FR gap for FR1, the frequency range is still extended considering Band 79 as one of the most important band for 5G NR FR1. 
· For victim FR1 NR PSCell in SCS 30kHz and 60kHz, the interrupted 1 and 2 symbols will impact more parts of data transmission if the switching time cannot be further reduced due to some extreme RF retuning scenarios. 
On the other hand, from the network side, it is hard to know the timing relationship between gap timing reference (in this case PCell) and victim carrier, so based on our understanding, network has no way but just to assume 2 additional slots (one slot before measurement gap and one slot after measurement gap) to be interrupted in the scenario mentioned above. Even if UE could have SFTD reporting, it should be still noted that the timing relationship could be different based on different UE’s perspective, and SFTD reporting from some UE can be representative to all UEs.


Victim FR2 NR PSCell interrupted by per-UE or per-FR1 gap:
For victim FR2 NR PSCell, which is interrupted by per-UE and per-FR1 gap, based on current agreement for switching time, we believe 500us should still be applied. However, to allow 33us MRTD, the NR PSCell still need to reserve 33us at the beginning and in the end of measurement gap, which still be challenging to UE RF switching which is still possible to be performed in FR1 and even between FR1 and FR2. 

Based on the above analysis, we can have the following observation: 
Observation 1: For Per-UE gap or Per-FR gap for FR1 configured in sync EN-DC scenario, one additional slot interrupted on the victim NR PSCell in FR1 and FR2 is expected before and after the measurement gap respectively.  

2.2 Per-FR gap for FR2
Firstly we just exclude NR CA case in this discussion, which part will be discussed later. 
With this simplification of assumption, if per-FR gap for FR2 is configured (for which the MO configuration should come from SN based on RAN2’s agreement), the gap should be applicable to PSCell in FR2. In this case, the additional interruption problem mentioned above does not exist because the gap timing in this case should be based on FR2 carrier (i.e., PSCell) itself. However, for this assumption, we need RAN4’s confirmation to make sure it is aligned with RAN4’s common understanding.  
Observation 2: Fro Per-FR gap for FR2 configured in sync EN-DC scenario, no more additional slot interrupted on the victim NR carriers in FR2 if the timing of this gap follow PSCell’s exact timing.

Based on the above analysis, we propose to revise the specification accordingly. 
Proposal 1: Revisit the number of interrupted slot numbers in Sync EN-DC scenario based on the above observations. 
3 Interrupted Slot Number in NR Standalone CA
Then we would like to further extend this discussion to NR standalone CA case. Although MRTD in CA case is not finalized yet, we just assume the following proposals from some companies to complete the analysis here: 
- For inter-band NR CA, define MRTD with 33µs for FR1, 8µs for FR2 and 33µs for mixed FR1 and FR2.
- For intra-band non-contiguous NR CA, define MRTD with 33µs for FR1 and 8µs for FR2. 

2.1 Per-UE gap or Per-FR gap for FR1
For Per-UE gap or per-FR gap for FR1, we could expect the similar problem observed in sync EN-DC mode still be applicable here, no matter the victim carrier in FR1 and FR2. 
Observation 3: For Per-UE gap or Per-FR gap for FR1 configured in SA CA scenario, one additional slot interrupted on the victim carriers in both FR1 and FR2 is expected before and after the measurement gap respectively.  

2.2 Per-FR gap for FR2
As mentioned in RAN4’s LS to RAN2 (R4-1804202), RAN4 expect the following assumption for RAN2’s measurement gap design in SA mode. 
	•   In NR standalone mode, 
(1)   NR serving cell can configure both an FR1 gap pattern and an FR2 gap pattern to be active at the same time. 
(2)   If NR serving cell configures measurement gap for a UE, NR serving cell can also indicate if configured measurement gap applies to FR1/FR2 serving cell(s) (i.e. per UE gap) or applies to FR1 serving cell(s) (i.e. per FR gap to FR1) or applies to FR2 serving cell(s) (i.e. per FR gap to FR2).


Based on the above assumption (if confirmed from RAN2), we expect RAN4 can assume all FR2 carriers are in the same TAG, with MRTD less than 8us (proposal from last meeting by NW vendors). Similar to EN-DC analysis, we expect one of carriers in FR2 will be chosen as the timing reference for per-FR gap for FR2. On this FR2 carrier chosen as timing reference, we obviously will not fact one additional interrupted slot before and after the measurement.
However, even with this 8us MRTD assumption, UE’s FR2 carriers not chosen as gap timing reference still need to face 8us MRTD compared with the FR2 carrier as the gap timing reference. In this case, one additional slot interrupted on these victim carriers in FR2 is expected before and after the measurement gap respectively
Observation 4: For Per-FR gap for FR2 configured in SA CA scenario, no additional slot interruption is needed for the carrier in FR2 which is chosen as gap timing reference, while one additional slot interrupted on the victim carriers in FR2 (which are not chosen as gap timing reference) is expected before and after the measurement gap respectively.  

Based on the above analysis, we propose to finalize the specification for SA CA scenario accordingly. 
Proposal 2: Complete the number of interrupted slot numbers in SA CA scenario based on the above observations. 
4 Conclusion
In this paper, we discussed this problem for both sync EN-DC and Standalone CA case, with the following observation and proposals achieved:  
Observation 1: For Per-UE gap or Per-FR gap for FR1 configured in sync EN-DC scenario, one additional slot interrupted on the victim NR PSCell in FR1 and FR2 is expected before and after the measurement gap respectively.  
Observation 2: Fro Per-FR gap for FR2 configured in sync EN-DC scenario, no more additional slot interrupted on the victim NR carriers in FR2 if the timing of this gap follow PSCell’s exact timing.
Observation 3: For Per-UE gap or Per-FR gap for FR1 configured in SA CA scenario, one additional slot interrupted on the victim carriers in both FR1 and FR2 is expected before and after the measurement gap respectively.  
Observation 4: For Per-FR gap for FR2 configured in SA CA scenario, no additional slot interruption is needed for the carrier in FR2 which is chosen as gap timing reference, while one additional slot interrupted on the victim carriers in FR2 (which are not chosen as gap timing reference) is expected before and after the measurement gap respectively.  
Based on the above observations given from our analysis, we reached the following proposals.
Proposal 1: Revisit the number of interrupted slot numbers in Sync EN-DC scenario based on the above observations. 
Proposal 2: Complete the number of interrupted slot numbers in SA CA scenario based on the above observations. 

5 Reference
[1] R4-1803684, “Gap interruption in synchronous EN-DC”, MediaTek, RAN4 #86bis.
1/5
