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1. Introduction

The mandatory gap pattern was discussed for several meetings. This paper continue to provide analysis on the mandatory gap patterns in R16.
2. Discussion
In R15, gap pattern #0 and #1 for FR1 and gap pattern#13 and #14 for FR2 are mandatory. The basic functionality of gap based measurements are supported in R15. However from network point of view, network shall adapt and configure an appropriate gap pattern according to different UE capability of supported UE gap patterns. This puts non-negligible burdens on network side. The final result is that network needs to support all gap patterns. So it is attractive if more additional gap patterns are mandatory supported. Moreover the network planning can be simpler and have more flexibility in R-16.
· Mandatory gap patterns

In the following we further discuss which additional gaps can be mandatory in R-16. The SSB in NR is designed as below,
	· Candidate OFDM symbol position within half radio frame for SS/PBCH block for 120/240kHz SCS is modified as below
· 120 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

· 240 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.

[image: image1.emf]5ms window

0.5ms

: Set of slots containing SSBs

120kHz SCS

(L = 64)

5ms window

0.5ms

: Set of slots containing SSBs

240kHz SCS

(L = 64)




The maximum SS burst set length could be calculated in Table 1.
Table 1. SS block burst length
	
	SCS
	Maximum SS block number (L)

	
	
	4
	8
	64

	Below3GHz
	15 kHz
	2ms
	-
	-

	
	30 kHz
	1ms
	-
	-

	3GHz ~6 GHz
	15 kHz
	-
	4ms
	-

	
	30 kHz
	-
	2ms
	-

	6 GHz ~52.6 GHz
	120 kHz
	-
	-
	4.75ms

	
	240 kHz
	-
	-
	2.25ms


In realistic NR FR1 network, the number of Tx beam is typically less than the maximum SSB number. Then the 6ms MGL which has 5ms effective measurement time seems waste if only gap pattern 0 or 1 configured. As the 3ms MGL has the 2ms effective measurement time, and it has more wide applicable scenario. For FR2, e.g., 240kHz SCS, the maximum SSB length is less than 2.25ms. Thus the 3.5ms MGL is an appropriate measurement gap duration for FR2.
Observation: 3ms MGL for FR1 and 3.5ms MGL for FR2 has wide applicable scenarios in the realistic network.
40ms and 80ms MGRP is common and inherent from LTE. The 160ms MGRP has benefit for the long SMTC configuration. However with the combination of 20ms MGRP and the 3ms MGL for FR1/ 3.5ms MGL for FR2, the occupancy of gap is too high which will degrade the UE throughput. Thus pattern #10 and #16 has limited application scenario. Consequently, we suggest to mandate the gap pattern #2, 3, 11 for FR1 and the gap pattern #17, 18, 19 for FR
Proposal 1: Gap pattern #2, 3, 11 can be mandatory for FR1/per UE gap and gap pattern #17, 18, 19 can be mandatory for FR2 in R16.

· Applicability of new mandatory gap patterns
There are lots of discussions on the applicability of the new mandatory gap patterns during the last electronic meeting. However the discussion is not converged. 
There are three options of the definition of NR only measurement [1].
	· Option 1 (ZTE, Ericsson)

· When an UE indicates that a gap pattern is for NR only measurement, it means the gap pattern cannot be configured for E-UTRA measurements.

· Option 2 (MediaTek, Intel, OPPO, CMCC, Huawei, NTT DOCOMO)

· The definition of NR-only measurement is the target measurement objects to be measured within the measurement gap are all NR carriers.

· Option 3 (Qualcomm, OPPO)

· NR only measurements should mean target cell is NR and that the gap is only needed on NR serving cells


The difference between option 1 and option2 is that option 1 excluded only LTE cells. Considering SRVCC, the additional mandatory gap pattern is not intend to apply for UMTS measurements as well. Thus option2 is a more accurate description. The difference between option1/2 and option 3 is option3 think the both serving cell and target MO are on NR carriers.
As we know the motivation of introducing additional mandatory gap is to alleviate the burdens of the supported gap patterns from network side. In practical deployment, Network shall adapt and configure an appropriate gap pattern according to different UE capability of supported UE gap patterns. The final result is that network needs to support all gap patterns. So it is attractive if more additional gap patterns are mandatory supported. If “NR only measurement” is interpret as option3, additional mandatory gap pattern is not applicable for NEDC or ENDC operation. Then the network in NEDC or ENDC operation may still need to support 24 gap patterns. If “NR only measurement” is interpret as option2, network can reduce some gap patterns in MRDC and NR SA operations when MO are all NR MOs. 
From UE implementation, the additional mandatory gap patterns are in R16 scope. The upgrade of UE is expected for Release 16. So there is no big obstacle to support additional gap patterns when the serving cells include LTE cells.
Proposal 2: The definition of NR only measurement is the target measurement objects to be measured within the measurement gap are all NR carriers.

	· There are multiple options for the applicable scenarios for additional mandatory gap patterns [1].
· ​Applicable scenarios for additional mandatory gap patterns

· Option 1 

· Additional mandatory gap patterns are applicable for NR SA and NR-DC mode

· Option 2 

· Additional mandatory gap patterns are applicable to NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode

· Option 3 

· Additional mandatory gap patterns are applied to NR SA and NR-DC mode

· In EN-DC, NE-DC and LTE SA mode

· No additional mandatory gap patterns for FR1 for UE not supporting shortMeasurementGap-r14

· GP#2 and GP#3 are additional mandatory for FR1 for UE supporting shortMeasurementGap-r14

· Option 4 

· Additional mandatory gap patterns are applied to NR SA and NR-DC mode

· In EN-DC and LTE SA mode, no additional mandatory is needed

· GP#2 and GP#3 can be used for both LTE and NR measurements for UE supporting shortMeasurementGap-r14

· GP#4 to GP#11 can be used for both LTE and NR measurements if UE reports the gap pattern is supported via measGapPatterns-r15 

· In NE-DC mode

· For UE supporting shortMeasurementGap-r14, GP#2 and GP#3 are additional mandatory 

· if UE reports a gap pattern is supported via measGapPatterns-r15, it can be additional mandatory if it is agreed to be mandatory.

· Option 5 

· Additional mandatory gap patterns are applied to NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode

· 6ms gap would be used for the LTE serving cell, but the short gap could still be used with the NR serving cell

· Option 6

· Other options are not precluded




The applicable scenario of Option 1 focus on NR SA and NR-DC mode where there are no LTE serving cells. This applicable scenario corresponds to the option 3 of definition of NR only measurement.

Option3 and option4 can be regarded as the schemes under the option3 framework of definition of NR only measurement. Option3 and option4 couple the R16 mandatory gap with the R14 and R15 gap pattern capability. As we know RAN2 specifies the signalling for gap pattern capability in R15 as below [R2-1902732].

	· In LTE SA

· LTE RRC signalling shortMeasurementGap is used to signal whether UE supports gap patterns 2 and 3.

· LTE RRC signalling measGapPatterns (8 bits) is used to signal whether UE supports gap patterns 4 to 11.

· In EN-DC

· LTE RRC signalling shortMeasurementGap is used to signal whether UE supports gap patterns 2 and 3 (for per-UE cap and FR1 gap of per-FR gap).

· LTE RRC signalling measGapPatterns is used to signal whether UE supports gap patterns 4 to 11 (for per-UE cap and FR1 gap of per-FR gap).

· NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap patterns 2 to 23 (for FR2 gap of per-FR gap).//38.306

· In NR SA 

· NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap patterns 2 to 23.


In ENDC, if UE sets the bit of gap pattern #2, #3 to 1 in shortMeasurementGap-r14, the corresponding bit is supposed to be 1 in supportedGapPattern for keeping the consistency (supportedGapPattern is 22bits). supportedGapPattern is used for indicating the supported gap patterns for NR SA, for NR-DC, for NE-DC and for independent measurement gap configuration on FR2 in (NG)EN-DC (refer to TS38.306). Thus for this UE, the bits of gap pattern #2, #3 shall be 1 in supportedGapPattern in NEDC as well.  So the condition of option 3 and option 4 has no meaning. 
On the other hand, according to option3/4, if UE doesn’t support shortMeasurementGap-r14, no additional mandatory gap patterns is allowed for this UE. This implied that the R14/15 gap pattern capability are reused for R16. However the R16 WI of mandatory gap pattern is intend to introduce additional mandatory gap patterns.  It means no any enhancement compared with R15 gap pattern capability.
	supportedGapPattern [TS 38.306]
Indicates measurement gap pattern(s) optionally supported by the UE for NR SA, for NR-DC, for NE-DC and for independent measurement gap configuration on FR2 in (NG)EN-DC. The leading / leftmost bit (bit 0) corresponds to the gap pattern 2, the next bit corresponds to the gap pattern 3, as specified in TS 38.133 [5] and so on. The UE shall set the bits corresponding to the measurement gap pattern 13 and 14 to 1 if the UE is an NR standalone capable UE that supports a band in FR2 or if the UE is an (NG)EN-DC capable UE that supports independentGapConfig and supports a band in FR2.


Option2 of the applicable scenario corresponds to option2 of definition of NR only measurement. We expect that the additional mandatory gap patterns introduced in this WI can be applicable for all scenarios.
Proposal 3: Additional mandatory gap patterns are applicable to NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode when the target measurement objects to be measured within the measurement gap are all NR carriers.
· Signaling
There is a lot of discussion on the signalling of mandatory gap patterns during last RAN4 meeting. The concern is on the backward compatibility. In our understanding, it belongs to RAN2 scope on how to design the related signalling and avoid the backward compatibility issue. RAN4 needs to tell RAN2 two things: one is which gap patterns are mandatory in R16, the other thing is the applicable scenario. We provide the corresponding LS in [2].
In addition, the capability signalling was discussed in [1]. The related content is duplicated as below,

	· Mandatory with capability signaling

· Option 1 : 

· Any new gap patterns to be made mandatory should be mandatory with capability signaling.

· Option 2: 

· The additional mandatory gap pattern feature is mandatory with capability signaling.

· Option 3: 

· FFS




Option 1 seams like a flexible method. We slightly prefer this.

Proposal 4: Any new gap patterns to be made mandatory should be mandatory with capability signaling.
3. Conclusion
This paper provides the analysis on mandatory additional measurement gap patterns. The observation and proposals are observed as below,
Observation: 3ms MGL for FR1 and 3.5ms MGL for FR2 has wide applicable scenarios in the realistic network.

Proposal 1: Gap pattern #2, 3, 11 can be mandatory for FR1/per UE gap and gap pattern #17, 18, 19 can be mandatory for FR2 in R16.
Proposal 2: The definition of NR only measurement is the target measurement objects to be measured within the measurement gap are all NR carriers.
Proposal 3: Additional mandatory gap patterns are applicable to NR SA, NR-DC, LTE SA, EN-DC and NE-DC mode when the target measurement objects to be measured within the measurement gap are all NR carriers.
Proposal 4: Any new gap patterns to be made mandatory should be mandatory with capability signaling.
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