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Introduction
This paper discusses how to perform the measurements and gap coordination for NE-DC, NGEN-DC and NN-DC. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk521606776]Measurement coordination in EN-DC, MR-DC, and NN-DC
In EN-DC, if SRB3 is configured, the SN can directly configure the UE with the SCG configuration (which could include measurement configurations). If SRB3 is not available/configured, the SN sends the SCG configuration to the MN, the MN embeds it in an MN RRC message, and forwards it to the UE. 
The main reason to have distributed measurement configurations were different mobility management of LTE and NR and also, to some extent, latency aspects. Thus, supporting both SRB3 for the SN node (NR) and allowing the SN to configure the measurement separately (without involving the MN) can speed up the measurement configuration and reporting related to the SCG. SRB3, since it uses NR radio, may allow faster transmission than the corresponding LTE SRB. Also, the backhaul link between MN and SN may be congested, which could negatively affect both the measurement reporting and new measurement configurations. 
[bookmark: _Toc510000131][bookmark: _Toc510504119][bookmark: _Toc510681804][bookmark: _Toc510731309][bookmark: _Toc513754271][bookmark: _Toc520816427][bookmark: _Toc521611993]A decentralized measurement configuration (i.e. each node configures the measurements separately) can be beneficial for the case where the MN and SN nodes operate on different RATs with different measurement capabilities and for deployments when there could be a large congestion/delay over Xn.
The argument for having lower latency is still relevant in the case of NGEN-DC, but not that important when we have NE-DC (as the MN radio is the one with the highest capacity/lower latency). However, the other arguments are still valid, i.e. NR and LTE have different mobility management and use different RRC protocols. Therefore, we propose the following:

[bookmark: _Toc510681808][bookmark: _Toc510687194][bookmark: _Toc510687313][bookmark: _Toc510731314][bookmark: _Toc513401680][bookmark: _Toc513402059][bookmark: _Toc513403249][bookmark: _Toc513558829][bookmark: _Toc513559286][bookmark: _Toc513559311][bookmark: _Toc513559549][bookmark: _Toc513559635][bookmark: _Toc513639190][bookmark: _Toc513754265][bookmark: _Toc520816430][bookmark: _Toc520818447][bookmark: _Toc520818470][bookmark: _Toc521611997]The MR-DC measurement framework should be based on the EN-DC solution, where both MN and SN can construct the measurement configuration and receive the measurement reports separately. 
For the case of NN-DC, the arguments of having separate measurements (and reports) for both the MN and SN for latency and mobility management purposes still apply (i.e., due to the fact that in this case we use only NR nodes). Thus, a reasonable solution would be to still apply the EN-DC solution for NN-DC and have a sort of harmonization regarding the measurements configuration (and reporting) for all the DC options. Therefore, we propose:

[bookmark: _Toc521611998]The NN-DC measurement should be based on the EN-DC solution, where both MN and SN can construct the measurement configuration and receive the measurement reports separately.
Measurement Gap configuration in EN-DC and MR-DC
[bookmark: _Hlk521607292]In EN-DC, measurement gaps can be configured either per UE (i.e. a single measurement gap used for both FR1 and FR2 frequencies), or separate gaps are configured for FR1 and FR2 frequencies. In the case of per UE gap, the MN configures the measurement gap, while for the case of per FR gaps, the MN configures the FR1 gap while the SN configures the FR2 gaps. The main reason for such a division was that MN can only configure FR1 serving cells (and thus its operation is impacted only by FR1 gaps), while FR2 gap affects the operation of only FR2 serving cells, which only the SN can configure. In the case of per UE gap, SN informs the MN about the measurements that it is configuring and the serving cells it is adding/removing, so that MN can configure the appropriate measurement gap. 
In the case of per FR gap, SN informs the MN about measurement configurations and serving cells related to FR1, and MN informs the SN about measurement configurations on FR2. MN configures the FR1 gap and communicates it to the SN, and SN configures the FR2 gaps and communicates it to the MN.
For the case of NGEN-DC, the same principles are applicable as there is no difference between EN-DC and NGEN-DC from the measurement aspect (i.e. as difference between the two is where the MN, LTE, is connected to EPC or 5GC). Thus, we propose:

[bookmark: _Toc520816431][bookmark: _Toc520818448][bookmark: _Toc520818471][bookmark: _Toc521611999]For NGEN-DC, the EN-DC concept for measurement gap configuration and co-ordination is fully reused.

[bookmark: _Hlk521607714]When it comes to NE-DC, for the case of per UE gap, the same principle as in EN-DC can also be applied (i.e. MN configures the per UE gap). However, the situation is a bit different for the case of per FR gaps because the MN is now able to configure both FR1 and FR2 serving cells, while the SN is able to configure only FR1 serving cells. Thus, there are different options for handling the per FR measurement gaps:
A. MN configures both FR1 and FR2 gaps
B. MN configures FR2 gaps and SN configures FR1 gaps
C. MN configures FR2 gaps, and whichever node configures measurements on FR1 that requires gaps configures the measurement gap and communicates it to the other node.
A is the simplest solution, and it will make the operation in both per UE and per FR cases to be similar (i.e. MN always sets the gap or gaps required).
B is the reverse case of EN-DC, due to the fact that FR2 is now MN’s concern while FR1 is a concern for both MN and SN. 
C is the most flexible approach where FR2 is configured by only the MN, while for the FR1, whichever node needs the gap first configures it and communicates to the other so that the other node can reuse the gaps when needed. 
A and C are both viable options. On the other side, B can be ruled out because it doesn’t apply when the UE is not in DC mode (as the UE could need both FR1 and FR2 gaps even when it is not in DC), and assumes that SN configures the FR1 gaps. That is, in non-DC case, we have to employ case A anyways, so choosing B means we have to support both options A and B. On the other hand, in non - DC case, C and A will be equivalent, and thus only of them need to be standardized/supported.

[bookmark: _Toc520816428][bookmark: _Toc521611994]For NE-DC, for the sake of per UE gap configuration, the EN-DC concept for measurement gap configuration and co-ordination could be reused.
[bookmark: _Toc520816429][bookmark: _Toc521611995]For NE-DC, for the sake of per FR gap configuration, either the MN can configure both gaps, or the FR2 gaps can be configured by the MN while the node requiring the FR1 gaps first can configure it. 

If the MN is the first node that configures measurements needing FR1 gaps, then options A and C are also the same. The only difference between the two options is thus when we have a situation where the SN is the node that configures a measurement that requires FR1 gaps. 
Figure 1 shows the SN triggered SN modification procedure as captured in 37.340, which will be used as a reference for the described aforementioned scenario.



Figure 1. SN Modification procedure - SN initiated with MN involvement

In the following, we will analyse the different network behaviours for the case when Option A and Option C are used.
Option A:
When the SN decides to configure the measurements that require FR1 gaps, it includes the measurement configuration in the CG-Config that is part of the SN/SgNB Modification Required message (which is intended for the UE), and it also indicates to the MN, in the measConfigSN IE, the frequencies that it is configuring the UE with. Then the MN has to prepare the required gap and communicate this to the SN. 
Actually, currently there is no possibility to report this to the SN in the SN/SgNB confirmation message, as the CG-ConfigInfo that is used to indicate gaps for the SN is not included in the SgNB confirmation message. This is a RAN3 issue and not discussed in detail here, but it can be resolved by the inclusion of the CG-ConfigInfo in the SN/SgNB Modification confirm message or the usage of the optional messages 2/3 above (i.e. embedded MN initiated SN modification within the SN initiated MN modification) to communicate the gaps to the SN. 
Since the SN doesn’t know about the exact measurement gap that is going to be configured by the MN until it gets the message 6 (in case SgNB/SN modification confirm is enhanced) or message 2 (in case embedded MN initiated SN modification is used), it may have to refrain from scheduling the UE at all on FR1 frequencies to avoid the possibility of data loss (i.e. SN sending data, but UE not able to receive due to gaps, especially in the case of the gaps being included in message 6, which is sent after the UE has been configured with the gaps from the MN in message 4).

Option C:
When the SN decides to configure the measurements that require FR1 gaps, it includes the measurement configuration as well as the gap configuration in the CG-Config that is part of the SgNB/SN Modification Required message (which is intended for the UE). It also indicates the gap configuration for FR1 in the SgNB modification required message, so that the MN will be aware of the gaps in case it will configure serving cells on FR1 later.  This way, as the SN knows the gaps to be used from the beginning for FR1, it doesn’t have to completely stop scheduling the UE on the FR1 frequencies as in the case of option A. 
Considering the above, C seems to be the most robust option that doesn’t require unnecessary signalling and prevents possible loss of UE throughput.

[bookmark: _Toc520816432][bookmark: _Toc520818449][bookmark: _Toc520818472][bookmark: _Toc521612000]For NE-DC, for the case of per UE gap configuration, the EN-DC concept is reused (i.e. the MN configures the required gap)
[bookmark: _Toc520816433][bookmark: _Toc520818450][bookmark: _Toc520818473][bookmark: _Hlk521608212][bookmark: _Toc521612001]For NE-DC, for the case of per FR gap configurations, the MN configures the FR2 gaps.
[bookmark: _Toc520816434][bookmark: _Toc520818451][bookmark: _Toc520818474][bookmark: _Toc521612002]For NE-DC, for the case of per FR gap configurations, the first node (MN or SN) that configures a measurement on FR1 that requires a gap configures the gap and communicates it to the other node.

[bookmark: _Toc520818452]Measurement Gap configuration in NN-DC
In case of NN-DC, for the case of per UE gap, the same principles on EN-DC and MR-DC may be applied and thus is only the MN that configures the per UE gap. However, in case of per FR gaps the situation is different with respect to the other DC options as both MN and SN can configure FR1 and FR2 serving cells.
However, the options described in Section 2.2 and the analysis described conducted for Option A and Option B partially hold. The main difference is that we don’t have any restriction on which network node can configure which gaps. Thus, in case of per FR gaps, the first node requiring gaps on FR1 or FR2 will configure the gaps and communicates it to the other node. Thus, it is straightforward to have a similar solution as for NE-DC but applicable on both FR1 and FR2. Thus, we propose:

[bookmark: _Toc520818453][bookmark: _Toc520818475][bookmark: _Toc521612003]For NN-DC, for the case of per UE gap configuration, the EN-DC concept is reused (i.e. the MN configures the required gap)
[bookmark: _Toc520818454][bookmark: _Toc520818476][bookmark: _Hlk521608254][bookmark: _Hlk521608451][bookmark: _Toc521612004]For NN-DC, for the case of per FR gap configurations, the first node (MN or SN) that configures a measurement on FR1 or FR2 that requires gaps configures the gap and communicates it to the other node. 
Conclusion
In section 2 we made the following observations:
Observation 1	A decentralized measurement configuration (i.e. each node configures the measurements separately) can be beneficial for the case where the MN and SN nodes operate on different RATs with different measurement capabilities and for deployments when there could be a large congestion/delay over Xn.
Observation 2	For NE-DC, for the sake of per UE gap configuration, the EN-DC concept for measurement gap configuration and co-ordination could be reused.
Observation 3	For NE-DC, for the sake of per FR gap configuration, either the MN can configure both gaps, or the FR2 gaps can be configured by the MN while the node requiring the FR1 gaps first can configure it.

Based on the discussion in section 2 we propose the following:
Proposal 1	The MR-DC measurement framework should be based on the EN-DC solution, where both MN and SN can construct the measurement configuration and receive the measurement reports separately.
[bookmark: _GoBack]Proposal 2	The NN-DC measurement should be based on the EN-DC solution, where both MN and SN can construct the measurement configuration and receive the measurement reports separately.
Proposal 3	For NGEN-DC, the EN-DC concept for measurement gap configuration and co-ordination is fully reused.
Proposal 4	For NE-DC, for the case of per UE gap configuration, the EN-DC concept is reused (i.e. the MN configures the required gap)
Proposal 5	For NE-DC, for the case of per FR gap configurations, the MN configures the FR2 gaps.
Proposal 6	For NE-DC, for the case of per FR gap configurations, the first node (MN or SN) that configures a measurement on FR1 that requires a gap configures the gap and communicates it to the other node.
Proposal 7	For NN-DC, for the case of per UE gap configuration, the EN-DC concept is reused (i.e. the MN configures the required gap)
Proposal 8	For NN-DC, for the case of per FR gap configurations, the first node (MN or SN) that configures a measurement on FR1 or FR2 that requires gaps configures the gap and communicates it to the other node.
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