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1   Background
In RAN4#85 Reno meeting, LS R4-1714257[2] to RAN2 was agreed and two explicit options were listed about possible signaling of MIMO layer capabilities for the CA
In this contribution, we would like to further share our view about the MIMO layer capability in the new NR UE baseband capability signaling definition under discussion in RAN2.
2   Discussion

2.1   MIMO layer capability

As to the two options listed in the LS R4-1714257:

Option 1: Signal the number of MIMO layers per band per CA band combination for the combinations that have constraints

Option 2: Signal the maximum number of MIMO layers per CA band combination for the combinations that have constraints
Option 1 is same as LTE, the possible UE capability signaling size is still very large considering there are lots of CA band combinations; 
Option 2 reporting the maximum number of MIMO layer per CA band combination can reduce the UE capability signaling size to certain extent. If we check the CA band combinations defined in TS 36.101, we can find that two or more certain bands may be combined with different bandwidth class, the corresponding maximum number of MIMO layer per CA band combination may be different.

Here we give an example: the total number of antenna ports is 6, the maximum number of MIMO layer per band is 4 for both Band 1 and Band 3, the maximum number of MIMO layer per BC for different band combinations of Band 1 and Band 3 is shown in Table 2.1-1:
Table 2.1-1: The Maximum MIMO layer for different band combinations of Band 1 and Band 3 

	CA band combination
	Max number of MIMO layers per BC
	Possible MIMO layer combination in the BC

	CA_1A-3A,
	6
	4+2 or 2+4

	CA_1A-3C
	10 or 8
	2+4+4 or 4+2+2

	CA_1A-3D
	14 or 10
	2+4+4+4 or 4+2+2+2

	CA_1A-3E
	18 or 12
	2+4+4+4+4 or 4+2+2+2+2

	CA_1A-1A-3A
	6
	2+2+2 or 1+1+4

	CA_1A-1A-3C
	8 or 10
	2+2+2*2 or 1+1+4*2

	CA_1A-3A-3A
	6
	2+2+2


If we follow option 2, the maximum number of 6 MIMO layer for CA_1A-3A, CA_1A-1A-3A and CA_1A-3A-3A that have constraints ( i.e. the total number of MIMO layers supported in the band combination is lower than the sum of MIMO layer supported by each band) which is yellow highlighted in Table 2.1-1 needs to be reported.
Considering that there are possible many band combinations with different bandwidth class for certain bands, like Band 1 and Band 3, the reported number for the maximum of MIMO layer per CA band combination still could be very large, we think it is possible to further optimize the reporting on top of Option 2[2] and just report the supported maximum number of MIMO layer for the certain band combination from per CC per band in the band combination point of view. Such as reporting maximum number of 6 MIMO layers for Band 1 and Band 3 different combination, as shown in Table 2.1-2, here we count in one CC MIMO layer per band in the band combination: 

Table 2.1-2: Supported maximum number of MIMO layers for Band 1, Band 3 and Band 1+Band 3
	Band or Band combination
	Maximum number of MIMO layer

	Band1+Band3
	6

	Band 1
	4

	Band 3
	4


To meet the maximum number of 6 MIMO layers for Band 1+Band 3, for each CC of Band 1 and Band 3 in the different band combinations shown in Table 2.1-1, the number of MIMO layer is either 2 or 4, we think it is practical to assume the same number of MIMO layers for each CC in the intra-band contiguous CA combinations, e.g. to get the maximum number of MIMO layers for one specific CA band combination, such as CA_1A-3C, we can get it by simply calculating 2+4x2 or 4+2x2, it can reduce the reporting for some CA combinations (e.g. CA_1A-3A) and CA sub-combinations (e.g. CA_1A-1A-3A and CA_1A-3A-3A).
To be clearer, we give a diagram as shown below:
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Figure 1: NR UE capability structure
If company has concern on the same number of MIMO layers in the intra-band contiguous CA assumptions, we do not think that the RF chain is a issue, maybe the baseband processing capability has some constraints, but as per the current agreements about the MIMO layer reporting in the baseband processing capability, UE can report it per CC granularity for any band in the band combination.
Proposal 1: Report the supported maximum number of MIMO layer capability under the RF capability for both per band and per band combination like depicted in Figure 1.
Proposal 2: Send LS to RAN2 to inform RAN4’s observations and agreements about the report of supported maximum number of MIMO layers capability under the RF capability for both per band and per band combination.
3   Conclusion
In this contribution, we share our views about how to include the MIMO layer capability in the new designed NR UE capability signaling, and give our proposals are:

Proposal 1: Report the supported maximum number of MIMO layer capability under the RF capability for both per band and per band combination like depicted in Figure 1.

Proposal 2: Send LS to RAN2 to inform RAN4’s observations and agreements about the report of supported maximum number of MIMO layers capability under the RF capability for both per band and per band combination.
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Overall Description:


RAN4 would like to thank RAN2 for their LS on UE baseband processing capability (R2-1712078).


RAN4 discussed the RAN2 agreements and working assumptions MIMO layers signalling structure for EN-DC NR/LTE and NR SA and came to the following conclusions:


For RAN2 working assumption “MIMO layers capability will not be included into the band combination signalling” 


RAN4 observed that for some CA combinations there may be constraints on how the number of RF chains can be assigned to different bands and UE may not support the maximum number of MIMO layers indicated as a part of per-band reporting in all bands in a CA combination.


RAN4 discussed two options on the possible signalling of MIMO layer capabilities for the CA band combinations that have such constraints


Option 1: Signal the number of MIMO layers per band per CA band combination for the combinations that have constraints


Option 2: Signal the maximum number of MIMO layers per CA band combination for the combinations that have constraints


Other options not precluded


RAN4 will make conclusion in RAN4 AH-1801 and inform RAN2 on the preferred solution.


RAN2 working assumption “MIMO layers capability will be signaled with per CC granularity as a part of the baseband processing capabilities (BPC) signalling” is aligned with RAN4 understanding and was already recommended to be used in the previous LS R4-1711888 to handle UE baseband implementation constraints.


RAN2 agreement that “UE can report the number of MIMO layers per band” is aligned with RAN4 understanding.


The signalling details are up to RAN2.





2. Actions:


To RAN WG2


RAN4 respectfully asks RAN2 to take into account the conclusions in the future work.











