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1. Introduction
In the last RAN4 meeting there were contributions [1-5] on UE behavior before and after measurement gap. A way forward [6] was drafted to illustrate the issues regarding interruption time requirements in current spec.  A possible way to address the issue was also provided. No consensus was reached.
In this contribution we further provide our views on interruption requirements and UE behavior before and after measurement gap.
2. Discussion

2.1 interruption time due to measurement gap
The interruption time due to measurement gap for SA and NSA are specified in section 9.1.2 in TS 38.133. For the scenario that 0.5ms MG timing advance is applied under sync EN-DC and NR CA, the interruption requirements are depicted in Figure 1.
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Figure 1. Measurement gap with MG timing advance of 0.5ms for synchronous EN-DC and NR CA
It can be seen from Figure 1 that if subcarrier spacing of NR serving cells is 30kHz, 60kHz or 120kHz then interruption time is the same as measurement gap length. However if it is 15kHz then interruption time is 1ms longer than measurement gap length. This was based on the slot based interruption time requirements. There are 7 symbols before measurement gap and 7 symbols after measurement gap, as marked as red, being wasted in vain. 
For async EN-DC the interruption time is also 1 slot longer than measurement gap length regardless of subcarrier spacing. However the number of symbols not overlapped with measurement gap is uncertain in async EN-DC, which makes it a little bit complicated in terms of scheduling compared to sync case where there are fixed 7 symbols before and after measurement gap. So we can focus on Sync EN-DC firstly.
From UE hardware implementation perspective, the interruption time should not be relevant to subcarrier spacing. There should be no issue for UE to conduct transmission and reception on the symbols not overlapped with measurement gap. The UE behavior, however, may be impacted if transmission/reception in partially overlapped slots is allowed. In our view the impact on UE behavior would be very small.
To allow using the 7 symbols in partially overlapped slot can bring obvious system performance improvement. The 15kHz subcarrier spacing may mainly be used in low frequency band which spectrum is limited, so it is more important to take usage of any available time occasions. 
In LTE the scheduling is subframe based. The PDCCH is transmitted in the first 3 symbols in one subframe. PDSCH is scheduled in the same subframe as PDCCH and occupy all the rest symbols. However in NR the resource allocation for PDCCH/PDSCH/PUSCH etc. is much more flexible. This makes the usage of half slots not overlapped measurement gap in the partially overlapped slot possible.
PDCCH monitoring
According to 38.213, for each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with [image: image2.wmf]10

£

S
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 search space sets, the UE is provided the following by higher layer parameter SearchSpace: 
-
a PDCCH monitoring periodicity of [image: image4.wmf]s
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 slots and a PDCCH monitoring offset of [image: image5.wmf]s
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 slots, by higher layer parameter monitoringSlotPeriodicityAndOffset;
-
a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control resource set within a slot for PDCCH monitoring, by higher layer parameter monitoringSymbolsWithinSlot; 
-- ASN1START

-- TAG-SEARCHSPACE-START

SearchSpace ::= 





SEQUENCE {


searchSpaceId






SearchSpaceId,


controlResourceSetId




ControlResourceSetId













OPTIONAL, 
-- Cond SetupOnly


monitoringSlotPeriodicityAndOffset

CHOICE {



sl1









NULL, 



sl2









INTEGER (0..1), 



sl4









INTEGER (0..3), 



sl5 








INTEGER (0..4),



sl8









INTEGER (0..7), 



sl10 








INTEGER (0..9),



sl16 








INTEGER (0..15),



sl20 








INTEGER (0..19),



sl40 








INTEGER (0..39),



sl80 








INTEGER (0..79),



sl160 








INTEGER (0..159),



sl320 








INTEGER (0..319),



sl640 








INTEGER (0..639),



sl1280 








INTEGER (0..1279),



sl2560 








INTEGER (0..2559)


}




























OPTIONAL,
-- Cond Setup


duration







INTEGER (2..2559)














OPTIONAL,
-- Need R


monitoringSymbolsWithinSlot



BIT STRING (SIZE (14))













OPTIONAL, 
-- Cond Setup

Based on the procedure, PDCCH can be transmitted in any symbol(s) in one slot. Therefore the half slots, both before and after measurement gap, can be used for PDCCH monitoring. And possibly the scheduled PDSCH/PUSCH in the same half slot.
PDSCH scheduling

The slot and symbols can be used to schedule PDSCH is as follows according to 38.214.
-
The slot allocated for the PDSCH is 
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, where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and 
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are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and
The UE shall consider the S and L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:

Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
(Note 1)
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}

	Note 1:
S = 3 is applicable  only if dmrs-TypeA-Posiition = 3


According to 38.331, the maximum configurable value for parameter K0 is 3, so the PDSCH can be scheduled 3 slots later. For PDSCH mapping type A the symbol length for PDSCH can be from 3 to 14. For PDSCH mapping type B the starting symbol can be anyone except the last two symbols and the length can be from 2 to 14. S it is possible to be scheduled in the half slots before and after the measurement gap.
PUSCH scheduling
The slot and symbols can be used to schedule PUSCH is as follows according to 38.214. 
-
The slot where the UE shall transmit the PUSCH is determined by K2 as 
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 where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and 
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 are the subcarrier spacing configurations for PUSCH and PDCCH, respectively,
The UE shall consider the S and L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations

Table 6.1.2.1-1: Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}


PUSCH scheduling is similar to PDSCH scheduling. Furthermore the maximum configurable value for parameter K2 is 7, which makes it possible that the PUSCH in the half slot after measurement gap can be scheduled by PDCCH in the slot before measurement gap. Of course it can be scheduled by PDCCH in the same half slot.
Based on the above observation and analysis, the half slots before and after measurement gap can be fully used thanks to flexible scheduling procedure in NR. No big impact on UE implementation is seen. Therefore the interruption requirements should be revised to allow usage of half slots not overlapped with measurement gap when the slot is partially overlapped with measurement gap.

Proposal 1: Interruption requirements is revised to allow usage of half slots not overlapped with measurement gap in slot which is partially overlapped with measurement gap.
2.2 UE behavior before and after measurement gap
Two different cases need to be considered. One is that the slot before and after measurement gap is fully non-overlapped with measurement gap. The other one is that the slot before and after measurement gap is partially overlapped with measurement gap.

For the fully non-overlapped cases UE behavior was proposed in [7] which seems agreeable to the companies. Similar proposals are present. If the slot after measurement gap is an uplink slot (all symbols are for uplink) then it is up to UE implementation whether UE can transmit or not. Otherwise UE shall be able to transmit on the UL symbols if the first symbol in the slot is a DL symbol or X symbol.
Proposal 2: In the slot fully non-overlapped with measurement gap occurring immediately before the measurement gap, the UE

-
shall be able to conduct reception on the DL symbols.

-
shall be able to conduct transmission on the UL symbols.

Proposal 3: In the slot fully non-overlapped with measurement gap occurring immediately after the measurement gap, the UE

-
shall be able to conduct reception on the DL symbols.
-
shall be able to conduct transmission on the UL symbols if the first symbol in the slot is not an UL symbol.
-
It is up to UE implementation whether or not the UE shall be able to conduct transmission on UL symbols when the first symbol in the slot is an UL symbol.
For the partially overlapped case the similar principle can be applied because the half slots is quite similar to slot in terms of PDCCH monitoring and PDSCH/PUSCH scheduling except less symbols in the half slots. So following proposals are present.
Proposal 4: If the slot is partially overlapped with measurement gap, in the first half slot occurring immediately before the measurement gap, the UE
-
UE shall be able to conduct reception on the DL symbols.

-
UE shall be able to conduct transmission on the UL symbols.

Proposal 5: If the slot is partially overlapped with measurement gap, in the second half slot occurring immediately after the measurement gap, the UE
-
shall be able to conduct reception on the DL symbols.

-
It is up to UE implementation whether or not the UE shall be able to conduct transmission on UL symbols.

3. Conclusion

In this contribution, we further provide our further views on interruption time and UE behavior before and after measurement gap. Based on the observations following proposals are present. 
Proposal 1: Interruption requirements is revised to allow usage of half slots not overlapped with measurement gap in slot which is partially overlapped with measurement gap.
Proposal 2: In the slot fully non-overlapped with measurement gap occurring immediately before the measurement gap, the UE

-
shall be able to conduct reception on the DL symbols.

-
shall be able to conduct transmission on the UL symbols.

Proposal 3: In the slot fully non-overlapped with measurement gap occurring immediately after the measurement gap, the UE

-
shall be able to conduct reception on the DL symbols.
-
shall be able to conduct transmission on the UL symbols when the first symbol in the slot is not an UL symbol.
-
It is up to UE implementation whether or not the UE shall be able to conduct transmission on UL symbols when the first symbol in the slot is an UL symbol.
Proposal 4: If the slot is partially overlapped with measurement gap, in the first half slot occurring immediately before the measurement gap, the UE

-
UE shall be able to conduct reception on the DL symbols.

-
UE shall be able to conduct transmission on the UL symbols.

Proposal 5: If the slot is partially overlapped with measurement gap, in the second half slot occurring immediately after the measurement gap, the UE

-
shall be able to conduct reception on the DL symbols.

-
It is up to UE implementation whether or not the UE shall be able to conduct transmission on UL symbols.

Two companion CRs [8, 9] are also provided to specify corresponding requirements.
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