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1	Introduction
RAN2 liaised RAN1 with an LS on RI bit width for Cat5 UE in EN-DC mode [R1-2104161/R2-2104583].
	1. Overall Description:
Cat5 UE was defined in LTE Rel-8 to reach the peak data rates allowed at that time. To that end, it was defined as being mandated to support 4-layer MIMO operation for TM3/4. However, when EN-DC was defined during Rel-15, RAN2 decided to allow Cat5 UEs to only support 2-layer MIMO while EN-DC mode. Due to this, the Cat5 UE shall support 4-layer MIMO in LTE-only mode but may only support 2-layer MIMO while operating under EN-DC.
This now causes a potential interpretation issues with RI bit width: The RAN1 specification TS36.212, subclause 5.2.2.6, only considers the maxLayersMIMO-r10, UE category and PBCH antenna ports, and doesn't mention anything about EN-DC or UE capabilities:

	-	The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 5.2.2.6.1-2B, 5.2.2.6.1-2D, 5.2.2.6.1-2E, 5.2.2.6.1-2F, 5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3E, 5.2.2.6.2-3F, 5.2.2.6.3-3, 5.2.2.6.3-3B, 5.2.2.6.3-3D, 5.2.2.6.3-3E, 5.2.2.6.3-3F, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.1-3B, 5.2.3.3.1-3B-1, 5.2.3.3.1-3C, 5.2.3.3.1-3D, 5.2.3.3.1-3F, 5.2.3.3.1-3G, 5.2.3.3.1-3I, 5.2.3.3.1-3J, 5.2.3.3.1-5, 5.2.3.3.2-4, 5.2.3.3.2-4A, 5.2.3.3.2-4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D, 5.2.3.3.2-4F, 5.2.3.3.2-4G and 5.2.3.3.2-4I which are determined assuming the maximum number of layers as follows: 
-	If the maxLayersMIMO-r10 is configured for the DL cell, the maximum number of layers for subframe operation is determined according to maxLayersMIMO-r10 for the DL cell.
-	...
-	Else,
-	...
-	Otherwise the maximum number of layers is determined according to the minimum of the number of PBCH antenna ports and ue-Category (without suffix).



Hence, RAN2 interpretation is that the RI bit width for a Cat5 UE is NOT affected by the number of MIMO layers it supports in EN-DC mode but only by the network configuration parameter maxLayersMIMO-r10, PBCH antenna ports and the UE category (without suffix), as in the legacy LTE (or simply, according to TS 36.213 only). Since this is specified in RAN1 specifications, RAN2 would like to confirm whether this is correct interpretation to determine whether any clarifications on this are needed in specifications.
2. Actions:
To RAN1 group.
ACTION: 	RAN2 respectfully asks RAN1 to indicate whether the RAN2 assumption on RI bit width for Cat5 UEs in EN-DC mode is correct.



                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      The Cat5 UEs were introduced in LTE Rel-8 for maximum data rates with a single CC. Similarly, Cat 8 UEs were introduced in Rel-10 for maximum DL data rates with 5CC DL CA. For that reason, LTE Cat5 UEs are mandated to support 4-layer MIMO (with TM3/4) without any explicit capability signalling, as this is required to reach the maximum data rates allowed by the UE category, and LTE Cat8 UEs are mandated to support 8-layer MIMO (with TM9) in addition to also supporting Cat5. For both cases, no signalling was originally introduced, so that e.g. the Cat5 UEs are always in “4-layer MIMO” mode for the purposes of CSI reporting, i.e. always use 2-bit RI regardless of whether the cell ever schedules such UEs according to more than 2 layers. 
In this contribution, we discuss how this works if a Cat5 UE also supports EN-DC but with only 2-layer MIMO.
2	Support of 4-layer MIMO in EN-DC
2.1	LTE background
A late problem in Rel-10 was found (during 2015) wherein it was not possible to control the RI bit width for any UEs (i.e. also those that are not Cat5 UEs), which made it ambiguous on how to utilize MIMO layers for TM3/4. Eventually this was fixed during Rel-12 timeline when we found this problem and introduced the signalling only during 2015 – see RRC CRs #1885 (R2-153976), #1886 (R2-153977) and #1887 (R2-153978), which introduce the signalling for allowing network to control the RI bit width. But this was made under a UE capability since it was recognized there could be legacy UEs that do not support such feature, e.g. Cat5 UEs. Therefore, it was never mandated that a Cat5 UE needs to be support the signalling. Hence, Cat5 UEs support 4-layer MIMO without any capability signalling.
Observation 1: Cat5 UEs always support 4-layer MIMO in LTE-only mode, and always utilize 2-bit RI bit width.
Observation 2: Cat5 UEs need not support maxLayersMIMO signalling.
2.2	4-layer MIMO in EN-DC
As a general principle, it was allowed that UE capabilities (related to baseband processing) for EN-DC may differ from those that UE supports for LTE-only or NR-only operation. In particular, for EN-DC it has been allowed that UEs supporting 4-layer MIMO in LTE-only mode may not indicate support for 4-layer MIMO in EN-DC (e.g. due to baseband resource sharing). The capability for this has been done so that if the UE does not indicate the support of 4-layer MIMO, it is assumed to only support 2-layer MIMO (as shown below).
	fourLayerTM3-TM4 (in FeatureSetDL-PerCC)
Indicates whether the UE supports 4-layer spatial multiplexing for TM3 and TM4 for MR-DC within the indicated feature set. If this field is absent, UE supports two layer MIMO for TM3/TM4.
	-



Observation 3: LTE Cat5 UE supporting EN-DC need not support 4-layer MIMO in EN-DC even though the UE does support 4-layer MIMO in LTE-only mode.
2.3	Cat5 UE RI bit width interpretation issue in EN-DC
With the above understanding, there is a potential interpretation issue for Cat5 UEs supporting EN-DC: If a Cat5 UE only supports 2-layer MIMO in EN-DC, what is the RI bit width it uses for CSI reporting during EN-DC? In particular, the following questions need to be asked:
· Implicit 2-layer support for EN-DC: If Cat5 UE does not indicate fourLayerTM3-TM4 in any of its capabilities (i.e. LTE-only per-BC or per-band-per-BC capabilities or EN-DC LTE FeatureSets), it shall still support 4-layer MIMO for LTE-only case but only 2-layer MIMO for EN-DC. Does the UE then use 2-bit or 1-bit RI bit width for CSI reporting during EN-DC? 
· Explicit 4-layer support for EN-DC: If Cat5 UE does indicate fourLayerTM3-TM4 in its EN-DC capabilities (i.e. LTE EN-DC FeatureSets), it supports 4-layer MIMO also during EN-DC. Does the UE then use 2-bit RI bit width implicitly, or is it assumed that network shall set this via the maxLayersMIMO-r10? 

Further, the RAN1 specification 36.212 (see below excerpt from TS36.212 subclause 5.2.2.6) only considers the maxLayersMIMO-r10, UE category and PBCH antenna ports, and doesn't mention anything about EN-DC or UE capabilities:
	For rank indication (RI) (RI only, joint report of RI and i1, joint report of CRI and RI, joint report of CRI, RI and i1, joint report of CRI, RI, and PTI, joint report of RI and i1,p-2, and joint report of RI and PTI) or CRI 
-	The corresponding bit widths for CRI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2A, 5.2.2.6.1-2C, 5.2.2.6.1-2G, 5.2.2.6.2-3A, 5.2.2.6.2-3C, 5.2.2.6.2-3G, 5.2.2.6.3-3A, 5.2.2.6.3-3C, 5.2.2.6.3-3G, 5.2.3.3.1-3E, 5.2.3.3.1-3H, 5.2.3.3.2-4E, and 5.2.3.3.2-4H.
-	The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 5.2.2.6.1-2B, 5.2.2.6.1-2D, 5.2.2.6.1-2E, 5.2.2.6.1-2F, 5.2.2.6.2-3, 5.2.2.6.2-3B, 5.2.2.6.2-3D, 5.2.2.6.2-3E, 5.2.2.6.2-3F, 5.2.2.6.3-3, 5.2.2.6.3-3B, 5.2.2.6.3-3D, 5.2.2.6.3-3E, 5.2.2.6.3-3F, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.1-3B, 5.2.3.3.1-3B-1, 5.2.3.3.1-3C, 5.2.3.3.1-3D, 5.2.3.3.1-3F, 5.2.3.3.1-3G, 5.2.3.3.1-3I, 5.2.3.3.1-3J, 5.2.3.3.1-5, 5.2.3.3.2-4, 5.2.3.3.2-4A, 5.2.3.3.2-4B, 5.2.3.3.2-4C, 5.2.3.3.2-4D, 5.2.3.3.2-4F, 5.2.3.3.2-4G and 5.2.3.3.2-4I which are determined assuming the maximum number of layers as follows: 
-	If the maxLayersMIMO-r10 is configured for the DL cell, the maximum number of layers for subframe operation is determined according to maxLayersMIMO-r10 for the DL cell.
[…]
-	Else,
[…]
-	Otherwise the maximum number of layers is determined according to the minimum of the number of PBCH antenna ports and ue-Category (without suffix).


Observation 4: Cat5 UE RI bit width for TM3/4 is only determined according to the RRC signalling, PBCH antenna ports and UE category.

Proposal 1: RAN1 to reply to the RAN2 LS and acknowledge the RAN2 interpretation indicated in the LS as correct:
· RAN2 interpretation is that the RI bit width for a Cat5 UE is NOT affected by the number of MIMO layers it supports in EN-DC mode but only by the network configuration parameter maxLayersMIMO-r10, PBCH antenna ports and the UE category (without suffix), as in the legacy LTE (or simply, according to TS 36.213 only).
3	Conclusion
This documents has made the following observations and proposals:
Observation 1: Cat5 UEs always support 4-layer MIMO in LTE-only mode, and always utilize 2-bit RI bit width.
Observation 2: Cat5 UEs need not support maxLayersMIMO signalling.
Observation 3: LTE Cat5 UE supporting EN-DC need not support 4-layer MIMO in EN-DC even though the UE does support 4-layer MIMO in LTE-only mode.
Observation 4: Cat5 UE RI bit width for TM3/4 is only determined according to the RRC signalling, PBCH antenna ports and UE category.

Proposal 1: RAN1 to reply to the RAN2 LS and acknowledge the RAN2 interpretation indicated in the LS as correct:
· RAN2 interpretation is that the RI bit width for a Cat5 UE is NOT affected by the number of MIMO layers it supports in EN-DC mode but only by the network configuration parameter maxLayersMIMO-r10, PBCH antenna ports and the UE category (without suffix), as in the legacy LTE (or simply, according to TS 36.213 only).
Proposal 2: Send a following response back to RAN2
	1. Overall Description:
RAN1 would like to thank RAN2 of the LS on RI bit width for Cat5 UE in EN-DC mode [R1-2104161/R2-2104583]. 
RAN1 would like to confirm the RAN2 interpretation that “the RI bit width for a Cat5 UE is NOT affected by the number of MIMO layers it supports in EN-DC mode but only by the network configuration parameter maxLayersMIMO-r10, PBCH antenna ports and the UE category (without suffix), as in the legacy LTE (or simply, according to TS 36.213 only).”
2. Actions:
To RAN2 group.
ACTION: 	RAN1 respectfully asks RAN2 to take the above response into account in their further work.



