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Introduction
[bookmark: _Hlk61550227]In last meeting RAN4 had the initial discussions related to the WI on measurement gap enhancements [1]. In RAN4#97 meeting the time plan was agreed in [2]. According to the work plan, in this paper, we discuss measurement gap enhancement related to multiple concurrent and independent MG patterns:
· Multiple concurrent and independent MG patterns
· Initial discussion on maximum number of concurrent and independent MG patterns active at any time. 
· Initial discussion on applicability of multiple concurrent and independent gap patterns.

Discussion
In LTE baseline the network can configure the UE with one MGP and baseline UE support per UE measurement gaps. During LTE improvements were introduced such as Network Controlled Small Gaps (NCSG) which, by making use of the 2nd RF chain in the UE, enabled more efficient usage of air interface resource and better data TP for the UE. 
However, NCSG was a MGP and UE was limited in number of simultaneously configured MGPs. 
One challenge always present when introducing new MGPs is the UE support of newly defined MGPs and hence the network support of same enhancements. Introducing a feature which enables multiple and concurrent independent MGPs could be soft solution bridging the problem of network/UE support of a newly defined MGP.

Scope of the discussion
Having multiple concurrent and independent MPGs can cover a wide range of interpretations. However, to narrow the scope of the discussions it seems necessary to discuss what is understood as ‘multiple’ and ‘concurrent’ MGPs.
A UE can be a Per UE GP capable UE or a Per FR GP capable UE. Concerning per-UE vs Per-FR UE it seems reasonable to assume that multiple and concurrent applies to the UE. However, question is whether multiple and concurrent MGPs apply per FR for a Per-FR capable UE?
As a UE capable of Per-FR MGs in one sense is a UE supporting multiple and concurrent independent MGPs it seems reasonable to assume that multiple concurrent and independent MGPs apply dependent on the UE capability. Hence, either Per-UE or Per-FR.
For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR.
It also seems reasonable to assume that a basic Per FR capable UE is not considered as a UE supporting multiple concurrent and independent MGPs. At least a per FR GP capable UE shall at least support multiple concurrent and independent MGPs on one FR.
A per FR GP capable UE shall support multiple concurrent and independent MGPs on at least one FR.
It would also need to be discussed what is understood as independent MGPs. One can claim that a UE being configured with GP#0 and GP#1 is being configured with multiple concurrent and independent MGPs. However, if the GPs are partially fully overlapping one can claim that from network and system point of view the UE is in fact only configured with one effective MGP – in this case GP#0. This is illustrated in figure 1.
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Figure 1 Illustration of GP#0 and GP#1 in partially fully overlapped configuration.
Hence, RAN4 would need to agree on what is understood as independent MGPs.
RAN4 need to agree on what is understood as independent MGPs

RS and overlapping MGP discussion
Another aspect to clarify is what independent means in NR when/if the RS measured – e.g. the SSBs – are synchronized? 
If for example, we look at figure 1 and consider a Per UE GP capable UE which is capable of multiple concurrent and independent MGPs. If we consider that GP#0 is configured for SSB based measurements and GP#1 is configured for CSI-RS based measurements, this would not be regarded as multiple concurrent and independent MGPs as the measurement occasions (MGs) are fully overlapping. For this scenario it is just a matter of measurement gap sharing.
RAN4 should not define new requirements (multiple concurrent and independent MGPs) for which RAN4 already has defined requirements.
Hence, RAN4 should consider gap configurations - and not the reason why the particular MG has been configured (one may refer to this as the purpose of configuring the MGP).
If considering another use case where the UE is configured with multiple concurrent and independent MGPs, where one GP is configured to enable SSB based measurements (e.g. GP#0) and another GP is configured to enable positioning (e.g. GP#x), where the two GPs are not overlapping – this would be regarded as being configured with multiple concurrent and independent MGPs. As illustrated in figure 2.
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Figure 2 Illustration of true multiple concurrent and independent MGPs.
Our view is that MGPs are not seen as independent if they are fully or partially fully (figure 1) overlapping in time. 
MGPs are not independent MGPs if they are fully or partially fully overlapping in time. 
MGPS which are partially but not fully overlapping (figure 3) or fully non-overlapping MGPs (figure 2) would be considered as independent MGPs.
Partially but not fully overlapping or fully non-overlapping MGPs would be considered as independent MGPs.
[image: ]
Figure 3 Illustration of partially but not fully overlapping MGPs.

Limitations
One additional aspect to consider is the location of potentially configured GPs when a UE is configured with multiple concurrent and independent MGPs. One aspect is the maximum number of MGPs, and another aspect is whether there would be any configuration limitations of the MGPs. This is illustrated in figure 4.
From theoretical point of view, one could consider that the maximum number of MGPs would be limited by the UE measurement processing capacity – and then leave it fully up to the network to balance measurements and/or data.
To discuss this aspect RAN4 would need to discuss at least:
· Are there any limitation in concerning inter-MG distance (figure 4)?
· Would the MGP in itself impact the number of concurrent and independent MGPs the UE can be configured with (figure 5)?
· Are there different limitations dependent on the measurement type performed in the gaps (e.g. SSB, CSI-RS, PRS etc.)?
In order to discuss this properly RAN4 would need to understand which aspect would be limiting on the UE side in terms of number of concurrent independent MGPs a UE would be able to support?
RAN4 need to define which aspect are limiting factors on the UE side in terms of the maximum number of concurrent independent MGPs a UE would be able to support.
In figure 4 a simple illustration of our understanding of inter-MG distance:
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Figure 4 Illustration of different MG Distance (MGD) examples.
The example just illustrates the 3 basic MGDs:
1) MGD1: here the MGs are overlapping and hence distance is negative
2) MGD2: here the MGs are not overlapping and they a scheduled back-to-back (0 distance)
3) MGD3: here there is a distance (MGD3) between the gaps and hence distance is positive.
In figure 5 is a simple illustration related to whether the MGP itself could impact the number of concurrent and independent MGPs the UE could be configured with.
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Figure 5 Illustration related to whether the MGP itself could impact the number of concurrent and independent MGPs the UE could be configured with
For example, if the UE is configured with GP1 which has long MGRP would this lead to that the UE could be configured with more concurrent and independent MGPs than if the UE is configured with an MGP with short MGRP like GP3?
Additional to the two questions illustrated in figure 4 and figure 5 - if the measured RSs performed in the different MG are different one could assume that there would not be the same limitations as if the RS measured would be the same. E.g. if all the gaps are used for same RS, e.g. SSB, the minimum distance could be different from if the RS measured would SSB and CSI-RS. 

Conclusion
[bookmark: _GoBack]In last meeting RAN4 had the initial discussions related to the WI on measurement gap enhancements [1]. In this paper, we discuss measurement gap enhancement related to multiple concurrent and independent MG patterns. We especially address the understanding of what is to be assumed related to the UE and support of ‘multiple’ and ‘independent’ MGPs.
We propose:
1. For a Per UE gap capable UE, multiple concurrent and independent MGPs applies per UE.
1. For a Per FR gap capable UE, multiple concurrent and independent MGPs applies per FR.
1. A per FR GP capable UE shall support multiple concurrent and independent MGPs on at least one FR.
1. RAN4 need to agree on what is understood as independent MGPs
1. RAN4 should not define new requirements (multiple concurrent and independent MGPs) for which RAN4 already has defined requirements.
1. MGPs are not independent MGPs if they are fully or partially fully overlapping in time. 
1. Partially but not fully overlapping or fully non-overlapping MGPs would be considered as independent MGPs.
1. RAN4 need to define which aspect are limiting factors on the UE side in terms of the maximum number of concurrent independent MGPs a UE would be able to support.
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