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1	Introduction
From RAN4 #88 meeting, many companies preferred to further improve the MG sharing mechanism to prioritize some measurements to others depending on different UE connectivity mode due to the diverse importance of measurement objects in different cases. Though in EN-DC scenario the sharing mechanism has decided, a WF [1] was agreed for further study on the gap sharing mechanism which can be applied to NE-DC and FR1-FR2 NR-DC scenarios. However, this issue has been long discussed and no consensus could be reached as no prefect mechanism was proposed which satisfies everyone.
In this contribution, we would like to further discuss on the gap sharing mechanism, analyzing its pros and cons, and try to reach an agreement on the mechanism for NR-DC case.
2 Measurement gap sharing
For current stage, the basis of measurement gap sharing is that measurement gaps are divided into two groups, each of which is used for measuring some categories of measurement. For convenience, we follow [2] and denote the two groups as pool A and pool B, between which a sharing ratio is assumed to calculate the requirements for measurements in each pool.
As shown in previous contributions [3][4][5], for a certain UE connectivity mode, the importance of different measurement types may differ. Accordingly, gap sharing mechanism should embody this difference in some ways, for better measurement performance. Therefore, which two pools measurement gaps share between shall be determined based on the characteristics of UE connectivity mode. For instance, in NR SA case, the signaling separates the intra-frequency measurements from other measurements, achieving a better performance of intra-frequency measurements.
In FR1-FR2 NR-DC case, NR intra-frequency measurements corresponding to serving carrier(s) of MCG (FR1) obviously overweigh the intra-frequency measurements corresponding to serving carrier(s) of SCG (FR2) since a very straightforward reason, i.e. mobility performance. After all, if the PCell is not maintained, the whole NR connection is lost, which would be the worst case. In light of this point, we proposed that the gap sharing mechanism is expected to secure better measurement performance of intra-frequency carrier(s) in FR1 in NR-DC mode [3]. 
If the sharing mechanism in EN-DC is reused, UE can hardly secure the performance of FR1 intra-frequency measurement when pre-UE gap is configured, because the gap-needed intra-frequency measurement and type C measurement on FR2 will contend for gaps for intra-frequency measurement on FR1. This idea is also aligned with RAN2 signaling where separated IEs are designed for per-UE, per-FR1 and per-FR2 gap. Thus, considering the more importance of FR1 intra-frequency measurement (measurement in MCG), and to achieve the same effect as per-FR gap in case of per-UE gap, intra-frequency measurement on FR1 should be regarded as one independent pool in per-UE gap, differentiating from intra-frequency measurement on FR2.

Observation 1: In FR1-FR2 NR-DC case, considering both mobility benefit and consistency of two types of measurement gap, gap sharing mechanism should secure a better performance of intra-frequency measurement on FR1 (MCG), which should be separated from intra-frequency measurement on FR2, if per-UE gap is configured.

Thus, NR FR1 intra-frequency measurement should be put into Pool A and other measurements into Pool B. However, in last meeting, some companies may have concerns on this mechanism, since there exist scenarios where there will be a very large number of measurement objects in pool B and it also implies that a large CSSFwithin_gap is applied for the intra-frequency measurement objects in pool B. On this basis, they proposed the same mechanism as EN-DC case for NR-DC.
We fully understand this concern, yet we do not accept the logic to determine the sharing mechanism. We never deny recognizing the importance of FR2 transmission, or want to deprioritize the FR2 intra-frequency measurements, especially considering UE throughput. But the logic behind, i.e. very large number of measurement objects in pool B, is not necessarily valid. Even there is indeed a very large number in pool B, how can the number been proved to be comparatively large than the number in pool A. The certain numbers in each pool can be never predicted for all cases. Whichever pool FR2 intra-frequency measurements are put into, there are always too many possibilities that either pool A or pool B has chance to be the larger one. 

Observation 2: We cannot decide gap sharing mechanism only based on the number of two pools since there are always too many possibilities where either pool A or pool B to be the larger one in regardless of FR2 intra-frequency measurement in either pool.

And actually, from the current spec, the requirement of measurement performance is finally decided by the coefficient CSSFwithin_gap, which is defined as below [6]:
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The carrier specific scaling factor CSSFwithin_gap,i is given by:
If measGapSharingScheme is equal sharing, CSSFwithin_gap,i= max(ceil(Ri×Mtot,i,j)), where j=0…(160/MGRP)-1
If measGapSharingScheme is not equal sharing and
-	measurement object i is an intrafrequency measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kintra×Mintra,i,j) in gaps where Minter,i,j≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Mintra,i,j) in gaps where Minter,i,j=0, where j=0…(160/MGRP)-1
-	measurement object i is an interfrequency or interRAT measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kinter×Minter,i,j) in gaps where Mintra,i,j ≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Minter,i,j) in gaps where Mintra,i,j=0, where j=0…(160/MGRP)-1
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The final coefficient is proportional to the product of M and K. Not only M, the gap sharing scaling factor K also has influence on the value of M. That is to say, put FR1 and FR2 intra-frequency measurement into the same pool (pool A) in fact might simultaneously degrade their measurement performance since M for the pool become larger and network gets harder to make predication for UE measurement behaviours and cannot calculate a precise K for this pool. In this case, measurement gap may be wasted in pool A or pool B. On the other hand, separating FR1 from FR2 intra-frequency measurement do not necessarily cause a deterioration of FR2 intra-frequency measurements, because network can configure for pool A a very precise K value, and leave the rest as much as possible for pool B. In this case, network makes full use of each measurement gap and avoids possible waste of gaps.
For all at present the network can only secure a proper ratio for either one pool, so we have to make compromise sometimes and choose a safe way to at least secure the performance of FR1 intra-frequency measurement to avoid the worst case that the whole NR connection is lost.

Observation 3: Both K and M should be taken into account. Considering network can only calculate the ratio K for either pool, putting FR1 intra-frequency into pool A is a safer way to avoid dropping NR connection. Furthermore, this is good way for network to get a precise K and make the most effective use of every measurement gap.

Considering the context of late drop of Rel-15, it not a good time to introduce too complicated features or UE behaviors to increase too much implementation complexity. It is also important to keep a clear and simple specification. To these ends, the spec can remain the main structure unchanged and make a little change of the way of calculating the carrier-specific scaling factor when counting the number of each pool. Since the purpose of modification is to secure the performance of FR1 intra-frequency measurement, in the spec some certain conditions can be added under which UE will count the FR2 intra-frequency measurement as inter-frequency measurement when calculating the CSSF. In the way, merely some notes will be added in the CSSF calculation in the spec; and for the implementation, UE may regard the FR2 intra-frequency measurements as inter-frequency measurement, changing the number of pool A and pool B, and keep the program logic unchanged, basically not increasing any extra complexity.
 
Observation 4: For the purpose of no extra complexity and simplicity of the spec, UE can count FR2 intra-frequency measurements as inter-frequency measurement under some certain conditions when calculating CSSF if per-UE gap is configured to secure the performance of FR1 intra-frequency measurements.

If UE is configured for many FR2 intra-frequency measurements, the performance of FR1 intra-frequency measurements is very likely to be impacted. Therefore, if the number of FR2 intra-frequency measurement object is over a threshold, UE can count these measurements as inter-frequency measurements. In this case, the FR2 intra-frequency measurements is put into pool B and only FR1 intra-frequency measurements are left in the pool A to get a predictable and guaranteed performance. In this way, it also brings more convenience for network to calculate and configure a proper ratio K for each pool.

Proposal 1: If the number of FR2 intra-frequency measurement objects is equal or more than N1, then UE will count FR2 intra-frequency measurement objects as inter-frequency measurement objects when calculating the CSSF for each carrier.

If UE is configured for very few inter-frequency and inter-RAT measurements, UE can also count FR2 intra-frequency measurements as inter-frequency measurements, i.e. moving them to pool B. In this case, it does not need to worry about the deterioration of FR2 intra-frequency measurement performance, meanwhile the performance of FR1 intra-frequency measurement is guaranteed as well. Again, more convenience is brought for network to calculate and configure a proper ratio K for each pool.

Proposal 2: If the number of inter-frequency and inter-RAT measurement objects is equal or less than N2, then UE will count the FR2 intra-frequency measurement objects as inter-frequency measurement objects when calculating the CSSF for each carrier.

To conclude, In the case of FR1-FR2 NR-DC, the measurement gap should be better shared between intra-frequency measurement on FR1 and other measurement types when per-UE gap is configured. Considering the context of Rel-15 late drop, we can tackle this problem through counting FR2 intra-frequency measurements as inter-frequency measurement objects when calculating the CSSF. And for NR-DC case when per-UE gap is configured, we proposed that N1 = 1 and N2 = 2.

Proposal 3: And for NR-DC case when per-UE gap is configured, we proposed that N1 = 1 and N2 = 2.

3 Conclusion
In this paper, we further analyze the measurement gap mechanism in FR1-FR2 NR-DC scenario, clearly showing that the measurement gap should be shared between intra-frequency measurement on FR1 and other measurement types if per-UE gap is configured. And for current status, we propose a simple way to tackle this problem, with the following observations and proposals:
Observation 1: In FR1-FR2 NR-DC case, considering both mobility benefit and consistency of two types of measurement gap, gap sharing mechanism should secure a better performance of intra-frequency measurement on FR1 (MCG), which should be separated from intra-frequency measurement on FR2, if per-UE gap is configured.

Observation 2: We cannot decide gap sharing mechanism only based on the number of two pools since there are always too many possibilities where either pool A or pool B to be the larger one in regardless of FR2 intra-frequency measurement in either pool.

[bookmark: _GoBack]Observation 3: Both K and M should be taken into account. Considering network can only calculate the ratio K for either pool, putting FR1 intra-frequency into pool A is a safer way to avoid dropping NR connection. Furthermore, this is good way for network to get a precise K and make the most effective use of every measurement gap.

Observation 4: For the purpose of no extra complexity and simplicity of the spec, UE can count FR2 intra-frequency measurements as inter-frequency measurement under some certain conditions when calculating CSSF if per-UE gap is configured to secure the performance of FR1 intra-frequency measurements.

Proposal 1: If the number of FR2 intra-frequency measurement objects is equal or more than N1, then UE will count FR2 intra-frequency measurement objects as inter-frequency measurement objects when calculating the CSSF for each carrier.

Proposal 2: If the number of inter-frequency and inter-RAT measurement objects is equal or less than N2, then UE will count FR2 intra-frequency measurement objects as inter-frequency measurement objects when calculating the CSSF for each carrier.

Proposal 3: And for NR-DC case when per-UE gap is configured, we proposed that N1 = 1 and N2 = 2.
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