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1 Introduction
For NR RAN4 has defined two types of measurement gaps (MGs), one is per UE gap and the other is per FR gap. The UE behavior and the applicability for the two types of MGs are specified in section 9.1.2. In RAN4-AH-1801, it is found that some clarifications on UE measurement mode and UE-network assumption about the data interruption due to MGs are needed for some scenarios. As a result, a WF [1] was agreed based on discussion on two scenarios. 
The UE measurement mode (per UE or per FR) is discussed and agreed based on scenario 1 in [1], but the measurement requirement with effective MGRP is still open. UE and network assumption about data interruption due to gaps is discussed in [1] based on scenario 2 but without any conclusion.
In this paper, we will provide our views on configuration of per UE or per FR GP, as well as the related UE measurement requirements. 
2 Discussion
2.1 Per FR and per UE GP configuration 
For UE not capable of per FR gap, network can only configure one GP to the UE from GP#0-11 if UE has FR1 serving cell(s) or FR1 MO(s), and this GP will apply to all serving cells of the UE including serving cells on both FR1 and FR2; network can only configure one GP to the UE from GP#12-23 if UE has only FR2 serving cell(s) and FR2 MO(s), and this GP will apply to all FR2 serving cells.
For UE capable of per FR gap, as previously discussed in RAN4, it should be up to network to configure UE with per UE gap or per FR gap. There are at least two cases network may want to UE per UE gap for a UE capable of per FR.
1) Per UE gap is mandatory for all UEs, while per FR gap is UE capability, so network has anyway to implement the support of per UE gap. In the early deployment, there may not be many UE capable of per FR gap, so network may want to handle MGs of all UEs in the same way, i.e. with per UE gap.
2) When UE has serving cells in both FR1 and FR2, and MOs in both FR1 and FR2, network may choose to use a single per UE GP for UE to measure MOs in both FRs.

In both cases, a single GP will be configured, and there is a need for network to clearly indicate UE whether the configured GP is per FR gap (applied to serving cells in one FR) or per UE gap (applies to serving cells in both FRs).
1) In above case 1, e.g. UE has serving cells in both FRs but MOs only in FR1, network would only configure one GP from GP#0-11 if it wants to use per UE gap. Without a clear indication, there could be different understanding between network and UE if the configured GP applies to FR2 serving cells, i.e. UE may consider it as FR1 gap, and still transmit or receive data on FR2 serving cells.

2) In above case 2, network would only configure one GP from GP#0-11 if it wants to use per UE gap. There was some proposal in RAN2 that in this case UE should consider the GP applied to serving cells in both FRs. Such implicit indication may still lead to ambiguity, as there may other reasons that network only configures one GP. For example, it could happen that network finds that UE does not need MGs to measure in one FR, so no GP is configured for that FR. Without a clear indication, network will consider the GP applied to only FR1 and still schedule UE in FR2, but UE will not transmit or receive on FR2 serving cells.
Based on discussions above, we have the following proposals.
Proposal 1: The MG configuration signaling should clearly inform UE whether the configured GP from GP#0-11 is per FR gap or per UE gap.
Proposal 2: Send LS to RAN2 asking RAN2 to introduce the signaling in 36.331 and 38.331.
2.2 UE measurement performance 

In this section, we will discuss the measurement performance for UE capable of per FR gap. For UE capable of per FR gap, the measurement performance was discussed in [1] for scenario 1, and we have following agreement. 
	· In NSA, for UE capable to per-FR gap without FR2 serving cells but with both FR1/LTE and FR2 measurement objects, 

· Option 1-1: 

· When network configures only the FR1 gap, UE fallbacks to per-UE-gap mode.

· Option 1-2: 

· When network configures only the FR1 gap, UE meets requirements corresponding to an effective MGRP X ms  toward FR2 measurement objects.

· X is FFS, e.g., fix a value in spec or follow the MGRP of FR1 gap pattern or follow the SMTC period of the FR2 measurement objects.

· Clarification is needed to both UE and network sides.

· Option 1-2 is adopted due to shorter measurement delay and no additional signaling needed.

· The effective MGRP X can be further discussed together with the behavior of UE capable for gap-less measurement.


Besides scenario 1 in [1], we need to discuss more generally the measurement mode or requirement for all cases when UE is configured with MOs in one FR but without GP configured for that FR. This may include two cases
1) Network configures per UE gap. In this case UE should be assumed to perform parallel measurement for FR1 MOs and FR2 MOs following the configured per UE GP, i.e. the measurement performance of one MO is impacted by the GP and other MOs in the same FR, but not by the MOs in another FR.

2) Network configures per FR gap, and UE can perform measurement in one FR without MGs, e.g. scenario 1 in [1]. In this case, it was already agreed in [1] that UE is assumed to perform parallel measurement for MOs in to FRs, and the only question is what the measurement requirements should be based on. 
Therefore, for a UE capable of per FR gap, it should be assumed to perform parallel measurement for FR1 and FR2 MOs no matter per UR gap or per FR gap is configured.

For the performance requirement for case 2) , there are 3 options from [1]:
Option 1: Fixed value in spec

Option 2: MGRP of configured GP for the other FR

Option 3: SMTC period of the MO

Option 2 is not a reasonable option in our understanding. Since UE supports per FR gap, except when network configures per UE gap, when configuring GP for one FR network may not consider the measurement performance of MOs in the other FR. For example, network may configure 80ms MGRP for measuring FR1 MOs, but that does mean network expects measurement on FR2 MOs also based on 80ms MGRP. In fact, network would configure 20ms MGRP if GP needs to be configured for FR2.

Option 3 considers the SMTC aspects in NR measurement, such that the measurement performance of each MO in the FR will depends on SMTC period and offset of that MO. By this option, the inter-frequency and/or inter-RAT measurement are effectively treated as intra-frequency measurement. For example, for two carriers with non-overlapping SMTC window there will be no performance scaling of the carriers. This approach will give best performance. However, the approach is different from the principle in LTE where the inter-frequency and inter-RAT measurement performance are always based on the GP0 pattern even if the UE is capable of performing the measurement without need for MGs. In our view, the same principle in LTE should be re-used.
Option 1 would be a reasonable way to define the measurement performance for MOs in one FR without GP configured, and of course the SMTC period and offset of each MO would be also considered, in the same way as for inter-frequency measurement with “real” MG configured. 
For the effective MGRP, our proposal is 40ms for FR1 and 20ms for FR2. 40ms is the smallest MGRP allowed for LTE and legacy RAT measurement, and 20ms is the smallest MGRP allowed for NR measurement. Using the smallest MGRP will ensure efficient use of SMTC opportunities on each MO, and it will not enforce UE to do too frequent measurement than what is needed, because performance requirements are always bounded to a minimum value, e.g. 600ms for cell detection and 200ms for L1 measurement in FR1. 
Proposal 3: UE capable of per FR gap is always assumed to perform parallel measurement for FR1 and FR2 MOs.
Proposal 4: For MOs in an FR without GP configured, the measurement performance is defined based on a 40/20ms effective MGRP for FR1/FR2.
3 Conclusions 

In this paper, we provided our views on configuration of per UE or per FR GP, as well as the related UE measurement requirements. 
Proposal 1: The MG configuration signaling should clearly inform UE whether the configured GP from GP#0-11 is per FR gap or per UE gap.

Proposal 2: Send LS to RAN2 asking RAN2 to introduce the signaling in 36.331 and 38.331.
Proposal 3: UE capable of per FR gap is always assumed to perform parallel measurement for FR1 and FR2 MOs.

Proposal 4: For MOs in an FR without GP configured, the measurement performance is defined based on a 40/20ms effective MGRP for FR1/FR2.
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