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Introduction
The issue of MUSIM Band Conflict was raised during the R17 MUSIM discussion. During RAN2#117-e the issue was briefly discussed online and during that discussion, it was noted that this issue can be discussed during R18 Dual Rx / Dual Tx MUSIM WI [1]. 
In this regard, the following contribution is submitted as a discussion paper for further consideration.
[bookmark: _Toc242573354]Discussion
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]MUSIM Band Conflict Mitigations
A MUSIM UE having two SIM instances will camp independently on two bands (B_X and B_Y). Depending on whether the SIM instances correspond to the same or different operators and based on other aspects like Network coverage, deployment the bands can be same or different. In certain band combinations, it could be possible that B_X and B_Y are harmonics of each other.
[bookmark: OLE_LINK63]For example, consider a MUSIM device operating in Dual-Rx/Single-Tx mode. In this case, if SIM instance 1 is camped on Band B1(2100 MHz) in RRC IDLE mode and SIM instance 2 is camped on Band B12 (700 MHz) in RRC IDLE mode, then simultaneous DL reception on the two receivers will result in RF band conflict, resulting in poor page reception, SIB decode and or serving and/or neighbour cell measurements.
As another example, if SIM instance 1 is in RRC CONNECTED mode on Band B1, and SIM instance 2 is in RRC IDLE mode on Band B2, SIM instance 1 transmission on B1 has direct interference with the DL reception on SIM instance 2.
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]The level of interference is increased, if the MUSIM device operates in Dual-Rx/Dual-Rx mode, as there would be simultaneous transmission from each SIM instance, along with simultaneous reception. The problem gets compounded if more than 2 number of SIM instances are configured in the UE.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]In summary, both Dual-Rx/Single-Tx and Dual-Rx/Dual-Rx mode of operation, band conflicts scenarios are encountered that impairs the optimal functionality of MUSIM UE. 
The following table lists out some of the scenarios in which typical MUSIM Band conflict is observed.
	RRC State of SIM Instance 1 /
RRC State of SIM instance 2
	Scenario

	RRC IDLE / RRC IDLE or
RRC IDLE / RRC INACTIVE or
RRC INACTIVE / RRC IDLE or
RRC INACTIVE / RRC INACTIVE
	1. Upon Cell Selection, serving cell bands to two SIMs in their respective RRC states conflict with each other
2. Upon Cell Reselection of SIM instance 1 from a non-conflicting band to a conflicting band, based on the current camped band of SIM instance 2.
· Same scenario with SIM instance 2 reselecting into a conflicting band with SIM instance 1

	RRC CONNECTED / RRC IDLE or
RRC IDLE / RRC CONNECTED or
RRC CONNECTED / RRC INACTIVE or 
RRC INACTIVE / RRC CONNECTED or
RRC CONNECTED / RRC CONNECTED* 
(*only for Dual-Rx/Dual-Tx)
	3. Measurement on a given band for one SIM instance that conflicts with the serving cell frequency of the other SIM instance
4. The SIM Instance 1 in RRC CONNECTED mode whose UL transmission conflicts with the DL RRC IDLE/INACTIVE mode reception on the other SIM instance 2
5. The SIM instance 1 in RRC CONNECTED mode gets redirected on connection release to a conflicting band with the other RRC IDLE/INACTIVE SIM instance 2
6. The SIM instance 1 in RRC CONNECTED mode gets handed over to a new band which is conflicting with the other RRC IDLE/INACTIVE SIM instance 2
7. The SIM instance 1 in RRC CONNECTED mode is configured with a new component carrier / DC or MR-DC leg that is on a new band which is conflicting with the other RRC IDLE/INACTIVE SIM instance 2
8. The SIM instance 2 in RRC IDLE/INACTIVE reselects to a new band which is conflicting with the other RRC CONNECTED SIM instance 2
9. For the case of Dual-Rx/Dual-Tx, the UL and/or DL of one SIM instance in RRC CONNECTED mode conflicting with the UL and/or DL of the other SIM instance in RRC CONNECTED mode
Note: Scenarios 3 – 9 are applicable with SIM instance 1 and SIM instance 2 swapped as well. 



[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Observation 1: Based on UL and DL bands in which the MUSIM UE operates in RRC IDLE/INACTIVE/CONNECTED modes, there are scenarios in which both Dual-Rx/Single-Tx and Dual-Rx/Dual-Rx mode of operation are impaired due to RF band conflict across the MUSIM instances.
Upon detecting such Band conflicts there are ways by which this can be mitigated
1. Option 1: Autonomous mitigation methods wherein the MUSIM UE autonomously without any NW support, tries to steer one of the SIM instances to a non-conflicting band (if available).
2. Option 2: Switch from Dual-Rx/Dual-Tx or Dual-Rx/Single-Tx to Single-Rx/Single-Tx mode of operation.
3. Option 3: UE reports to the NW, a band conflict scenario and the NW helps the UE to mitigate the band conflict situation through signalling. 
Option 1 will result in non-standard UE behaviour, while Option 2 would result in sub-optimal UE performance as the UE has to downgrade to Single-Rx/Single-Tx. Hence there is a need for Option 3, with a graceful specification defined signalling based solution intended to mitigate such band conflicts, arising out of MUSIM mode of operation.
[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK77][bookmark: OLE_LINK78]Observation 2: Autonomous MUSIM UE based solution to mitigate band conflict would result in sub-optimal and non-standard behaviour.
Proposal 1: RAN2 to consider such Band conflict scenarios for MUSIM to arrive at a graceful specification-based solution intended to mitigate such Band conflicts.
Conclusion
[bookmark: _Toc242573361]Observation 1: Based on UL and DL bands in which the MUSIM UE operates in RRC IDLE/INACTIVE/CONNECTED modes, there are scenarios in which both Dual-Rx/Single-Tx and Dual-Rx/Dual-Rx mode of operation are impaired due to RF band conflict across the MUSIM instances.
Observation 2: Autonomous MUSIM UE based solution to mitigate band conflict would result in sub-optimal and non-standard behaviour.
Proposal 1: RAN2 to consider such Band conflict scenarios for MUSIM to arrive at a graceful specification-based solution intended to mitigate such conflicts.
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