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1 Introduction
After RAN2 #85bis meeting, RAN2 has email discussion on band combination signaling [1]. And the following was concluded. 
1. Clear preference to agree on introduction of Solution 2.1 “requesting of subset of the band combination by eNB”.

2. Further discussions are needed if 2.1 also need to be combined with

a. Solution 2.2 “omitting UL band combinations for specific CA combinations”, and/or

b. Solution 2.3: “extend the number of band combination”
3. Clear preference to clarify legacy behaviour from Rel-10.

Although there were some consensus on the issue and the proposed solutions, we think some issues remain unresolved. Therefore, we discuss more in this document.    

2 Solution 2.1 is enough? 
Network requested CA band combination capability signaling enables the UE to report CA band combinations based on the requested frequency band list that eNB provides. Therefore, the UE does not need to report all band combinations. It is clear that it can reduce the overhead of UE reporting band combinations. 
However, we expect that this scheme only may not be totally futureproof considering the following aspects. 

1. Due to the backward compatibility restriction, the UE should report all non-CA band combinations, intra-band contiguous and non-contiguous CA band, and 2 DL +1 UL CA bands regardless of the request band list. According to the current RAN4 work on CA band combinations, there are 22 intra-band CA, 58 inter-band CA( 2DL+1UL) and 20 inter-band CA (2DL+2UL). This will be likely increased in the future. In addition, if the UE is Cat6/7/8 category, the UE shall explicitly signal all non-CA band combination as well. 
Observation1: the current band combination signaling (128) may not be sufficient even for legacy band combinations only. 

2. The UE needs to report all band combinations within the requested band list. Even if the number of frequency bands is small e.g. 5, the possible band combinations can be quite many if the UE supports larger number of CA bands i.e. 4 or 5 DL band CA or 2 UL CA. 
Regarding the second point, we provide a simple example here. 

If all CA band combinations are supported with the supported frequency bands for downlink CA, it will be calculated with nCr = n!/(r!(n-r)!), where n is the number of supported frequency bands and r is the number of bands in the band combination. On top of that, if 1 UL band CA is supported, the number of band combinations is multiplied by r because each uplink band capability should be signaled. If 2 UL band CA is supported, the number of band combinations is multiplied by rC2, where r is the number of bands in the downlink bands CA capability. For example, in case of 3 DL band CA(band X_Y_Z), it is required to indicate band X_Y and band Y_Z and band Z_X.

-
# of DL CA band combinations: nCr

-
# of DL CA + 1 UL band combinations: nCr * r

-
# of DL CA + 1+ 2 UL band combinations: nCr*r + nCr*rC2
Based on the above assumption, the number of band combinations to be signaled is calculated in the following table.
	Case 1) 1 UL band CA
	
	
	
	
	
	
	

	with existing scheme
	
	
	
	
	
	
	

	 Number of supported frequency bands
	non-CA
	intra-band CA
	2DL band CA
	3DL band CA
	4DL band CA
	5DL band CA
	total

	5
	5
	5
	20
	30
	20
	5
	85

	10
	5
	10
	90
	360
	840
	1260
	2565

	
	
	
	
	
	
	
	

	Case 2) up to 2 UL band CA
	
	
	
	
	
	
	

	with existing scheme
	
	
	
	
	
	
	

	 Number of supported frequency bands
	non-CA
	intra-band CA
	2DL band CA
	3DL band CA
	4DL band CA
	5DL band CA
	total

	5
	5
	5
	30
	60
	50
	15
	165

	10
	5
	10
	270
	720
	2100
	3780
	6885


Observation 2: if 2 UL band CA is supported and larger DL band CA is supported, the number of band combinations can be larger than 128 even with only 5 frequency bands.
It is noted, in the previous our contribution [3], we identified that 15 frequency bands are supported in US market. Therefore, the assumption on 5 frequency bands is fairly realistic scenario or maybe it is too pessimistic considering 15 frequency bands in US market. 
Proposal 1: RAN2 agree that solution 2.1 only is not enough. Therefore, the new band combination IE should be supported (solution 2.3).
3  What is solution 2.2? – Implicit rule 
We proposed to include the following description to implement implicit rule to reduce the number of band combination to be signaled.   
	The UE also has to provide the supported uplink CA bandwidth class and the corresponding MIMO capability for at least one band in the band combination except more than 2 DL bands CA. For a band combination indicating more than 2 DL bands, the UE may not include bandParametersUL-r10 and multipleTimingAdvance-r11 if the same uplink band combination is indicated in the subset of more than 2 DL bands combination. A MIMO capability applies to all carriers of a bandwidth class of a band in a band combination.


The UE is allowed not to include bandParametersUL-r10 and multipleTimingAdvance-r11 for a band combination if the same uplink band combination is indicated in the other band combination.
For example, let us assume that the UE supports Band_X(DL, UL), Band_Y(DL, UL), Band_Z(DL, UL) and also supports 3 DL band CA (Banx_X+Band_Y+Band_Z). According to existing signaling, the UE should signal 3 band combinations to indicate each different UL capability. However, if we skips UL capability, all those are same, therefore, the UE can indicate only 1 band combination. The underlying assumption is that UL band is already indicated in non-CA or 2 DL band CA combinations. 
	Existing signaling
	With implicit rule

	Band_X(DL, UL)
	Band_X(DL, UL)

	Band_Y(DL, UL)
	Band_Y(DL, UL)

	Band_Z(DL, UL)
	Band_Z(DL, UL)

	Band_X(DL, UL )+Band_Y(DL)+Band_Z(DL)
	Band_X(DL )+Band_Y(DL)+Band_Z(DL)

	Band_X(DL)+Band_Y(DL, UL)+Band_Z(DL)
	Band_X(DL )+Band_Y(DL)+Band_Z(DL)

	Band_X(DL)+Band_Y(DL)+Band_Z(DL, UL)
	Band_X(DL )+Band_Y(DL)+Band_Z(DL)


The main principle of implicit rule is to skip the uplink CA band if the same uplink CA band is already indicated in the subset of DL band CA or non-CA. We think that for UL capability, it should have the same capability if the uplink band combination is the same. For example, for Band_X(UL) capability in non-CA band is same as Band_X(UL) capability in 3 DL + 1UL band CA. That is, UL capability is independent from the DL capability. It is also noted that this assumption is only between the same UL band combination, therefore there is no issue to have different capability for different UL CA band combination. 

The same rule can be applied for 2 UL CA case. If the 2 UL band CA is already indicated in 2 DL Band CA, it can be omitted in the 3DL Band CA. 
	Existing signaling
	With implicit rule

	Band_X(DL, UL)+ Band_Y(DL, UL)
	Band_X(DL, UL)+ Band_Y(DL, UL)

	Band_Y(DL, UL)+ Band_Z(DL, UL)
	Band_Y(DL, UL)+ Band_Z(DL, UL)

	Band_X(DL, UL)+ Band_Z(DL, UL)
	Band_X(DL, UL)+ Band_Z(DL, UL)

	Band_X(DL, UL )+Band_Y(DL, UL)+Band_Z(DL)
	Band_X(DL )+Band_Y(DL)+Band_Z(DL)

	Band_X(DL)+Band_Y(DL, UL)+Band_Z(DL, UL)
	Band_X(DL )+Band_Y(DL)+Band_Z(DL)

	Band_X(DL,UL)+Band_Y(DL)+Band_Z(DL, UL)
	Band_X(DL )+Band_Y(DL)+Band_Z(DL)


To evaluate how much signaling reduction gain with the implicit rule can be achieved, we apply the same calculation as in the Section 2.1.assuming the implicit rule. 

In case of 1 UL band CA, since 1 UL band CA is indicated with non-CA band, from 3DL band CA, it is sufficient to indicate only DL band CA capability i.e. nCr. In case of up to 2UL band CA, since 1 and 2 UL band CA are indicated with non-CA band or 2 DL band CA, from 3 DL band CA, it is also sufficient to indicate only DL band CA capability i.e. nCr. 

The below table shows the number of band combinations. We can observe the total number of band combinations is reduced noticeably from 85 to 46 in case of 1 UL band CA and from 165 to 56 in case of 2UL band CA .   

	
	
	
	
	
	
	
	

	Case 1) 1 UL band CA
	
	
	
	
	
	
	

	Number of supported frequency bands
	non-CA
	intra-band CA
	2DL band CA
	3DL band CA
	4DL band CA
	5DL band CA
	total

	5
	5
	5
	20
	10
	5
	1
	46

	10
	5
	10
	90
	120
	210
	252
	687

	Case 2) up to 2 UL band CA
	
	
	
	
	
	
	

	Number of supported frequency bands
	non-CA
	intra-band CA
	2DL band CA
	3DL band CA
	4DL band CA
	5DL band CA
	total

	5
	5
	5
	30
	10
	5
	1
	56

	10
	5
	10
	270
	120
	210
	252
	867


Observation 3: if 2 UL band CA is supported and larger DL band CA is supported, the number of band combinations can be larger than 128 even with only 5 frequency bands.
Proposal 2: RAN2 agree to support the implicit rule to reduce the number of band combinations (solution 2.1). 
4 Conclusion

In this contribution, we discuss if the solution 2.1 only is sufficient or not and provide more analysis on the implicit rule. 
The followings are our main observations. 

Observation1: the current band combination signaling (128) may not be sufficient even for legacy band combinations only. 



 REF ob2 \h 

Observation 2: if 2 UL band CA is supported and larger DL band CA is supported, the number of band combinations can be larger than 128 even with only 5 frequency bands.


 REF ob3 \h 

Observation 3: if 2 UL band CA is supported and larger DL band CA is supported, the number of band combinations can be larger than 128 even with only 5 frequency bands.

Based on the above observations, we propose the following points. 

Proposal 1: RAN2 agree that solution 2.1 only is not enough. Therefore, the new band combination IE should be supported (solution 2.3).
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Proposal 2: RAN2 agree to support the implicit rule to reduce the number of band combinations (solution 2.1). 
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