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1 Introduction
Under Further Enhanced CA (FeCA) WI, RAN2 sent a liaison statement to RAN4 about capabilities for CA beyond 5 carriers in [1]. 6 questions have been asked to RAN4 and inputs are requested by RAN2. These questions are related to:

1. Bandwidth class and number of bands

2. MIMO and CSI process related capabilities

3. Measurement gaps

4. Fallback cofigurations

5. Other enhancements

In this contribution, we focus on all issues above except the measurement gaps issue. In another of our companion paper, we present our input related to measurement gaps discussion [2]. 

Accompanying reply LS to RAN2 summerizing the inputs to relevant questions as described in this contribution and in our companion contribution [2] are presented in [3]. 
2 Bandwidth class and number of bands
	Per band combination, the UE reports BandwidthClass of each band in the band combination and corresponding MIMO/CSI capability. The band width classes include 6 type of BandwidthClass for which the maximum bandwidth could be up to 500RBs and number of carrier could be up to 5. 
For 32CCs, it can be assumed that the increased carriers mostly come from unlicensed band and the carriers in unlicensed band usually are contiguous. It means that the higher BandwidthClass is introduced. 
Question 1: How many new bandwidthClasses would be introduced and how they are to be defined?


One of main motivations behind FeCA is to provide carrier aggregation in unlicensed bands, similar to Wi-Fi integrations. It is envisioned that, upto 16 carriers can be aggregated in WiFi systems. However, considering current 5GHz spectrum for unlicensed usage, up to 8CCs is defined in RAN4#75. 

This is shown in the table below taken from 3GPP TS 36.101 V13.0.0 (2015-07). Thus, a maximum of 160MHz in one band is defined now according to current UE spec. Additional BW classes can be defined in future if needed.
Table 5.6A-1: CA bandwidth classes and corresponding nominal guard bands

	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Number of contiguous CC
	Nominal Guard Band BWGB

	A
	NRB,agg ≤ 100
	1
	a1 BWChannel(1) - 0.5f1 (NOTE 2)

	B
	25 < NRB,agg ≤ 100
	2
	0.05 max(BWChannel(1),BWChannel(2))

 - 0.5f1

	C
	100 < NRB,agg ≤ 200
	2
	0.05 max(BWChannel(1),BWChannel(2)) - 0.5f1

	D
	200 < NRB,agg ≤ 300
	3
	0.05 max(BWChannel(1),BWChannel(2), BWChannel(3)) - 0.5f1

	E
	300 < NRB,agg ≤ 400
	4
	NOTE 3

	F
	400 < NRB,agg ≤ 500
	5
	NOTE 3

	I
	700 < NRB,agg ≤ 800
	8
	NOTE 3

	NOTE 1:
BWChannel(j), j = 1, 2, 3, is the channel bandwidth of an E-UTRA component carrier according to Table 5.6-1 and f1 = f for the downlink with f the subcarrier spacing while f1 = 0 for the uplink.

NOTE 2:
a1 = 0.16/1.4 for BWChannel(1) = 1.4 MHz whereas a1 = 0.05 for all other channel bandwidths.

NOTE 3:
Applicable for later releases.


Observation-1: Currently, 7 bandwidth classes are defined. As an extreme case, an additional 26 (i.e. a total of 33) bandwidth classes for intra-band CA would be needed if all classes up to 32 CCs are defined.
	On the other hand, also number of bands that can be aggregated may increase due to 32 carriers. As number of bands impacts number of band combinations, it would be good to understand how many bands RAN4 intends to support. Also the number of intra-band non-contiguous carriers impacts capability size. 

Question 2: How many inter-band and intra-band non-contiguous carriers can be aggregated?


According to our understanding, both UL and DL are considered in current discussions in RAN2. 
Regarding inter-band CA and from DL persepective, number of operating bands for inter-band CA with max 32CCs can be maximum 32 theoretically; however this may not be practical to aggregate 32 bands due to hardware/cost limitations. Usually, these kind of issues are determined based on actual operator demands and UE architecture issues (which is directly related to state-of-the-art UE hardware technology), thus, difficult to say any number at this stage. 
Regarding intra-band non-contiguous CA and from DL perspective, number of sub-blocks in intra-band NC CA is also difficult to predict. For intra-band CA, 8CC or 160 MHz could be one possibility, since it is already specified as Class I.  

Regarding UL CA, it is difficult to say anything at this stage regarding number of UL CCs to be aggregated.
Observation-2: The actual number of aggregated bands and/or CCs depends on actual operator demands and UE architecture issues. Thus, it is difficult to say any number at this stage. 
3 MIMO and CSI related capabilities

	Today the UE can indicate different dependent capabilities such as MIMO capability, number of CSI processes, NAICS capability etc. either per bandwidthClass/band or per bandCombination. It should be considered to what degree of flexibility these dependent capabilities need to be provided in case of 32 aggregated CCs. 

Any band-independent baseband processing capabilities could be separated from the band combination signalling in order to simplify the capability combinations to be signalled. Such baseband processing related capabilities could be e.g. a function of number of CCs rather than the band. 

For example, RAN2 considers the number of CSI processes capability could relate to baseband processing capability. Even though this baseband processing needs to be shared with other functionalities like MIMO, e.g., it is imaginable that UE could signal its supported CSI processes along with # of CCs, MIMO layers supported on those CCs, its NAICS capability, etc. rather than relating it to individual band combinations.   

On the other hand, some capabilities are RF related (such as interFreqNeedForGaps) and could be impacted by the actual bands supported in the band combination. 
A third category is the capabilities that have both RF and baseband impact, e.g. # of MIMO layers whether UE’s capability depends on the frequency band and the number of CCs to be aggregated on one band. It can be considered whether the MIMO capability could be separated from the band combination and only depending e.g. on the frequency band. 

Question 3: RAN2 would like to understand what level of flexibility should be provided for 32 carriers with respect to MIMO and CSI process capabilities. In addition, RAN2 would like to understand if any of band combination specific parameters could be signalled per UE or per number of aggregated CCs and/or their aggregate bandwidth (e.g. number of CSI processes or NAICS capability).


The purpose of the MIMO capability is not only an indication of RF capability but also a baseband capability. Once a MIMO capability is signaled by the UE, then not only the baseband capability is transmitted to the network, but also the RF band property is informed to the network. In the current UE capability structure, the MIMO capabilities are signaled per carrier for each band combination. The current capability signalling allows full flexibility for UEs to signal the supported band combinations and the corresponding CA/MIMO/CSI/NAICS capabilities relevant to each band combination. If the UE supports different CA/MIMO/CSI/NAICS capabilities for one band combination, the same band combination can be signalled multiple times. For example, according to current signaling specifications, the UE signals MIMO etc. capabilities for each band combination, e.g. in case of 3 CCs and 10 bands with 4-layer MIMO capabilities, there are around 120 inter-band combinations that need to be signalled. This would generate large signalling overhead and the increased number of band combinations is seen as the main reason behind the huge capability size. 
Hence the UE capabilities should be separated from the band combinations as much as possible and instead can be redefined as RF and baseband dependent capabilities. Looking at the fundamental UE implementation structure, the RF configuration and the baseband design are the two main components of the UE that determine most of the UE capabilities.  

Observation 3(a): The UE capabilities can be defined as RF and baseband capabilities instead of tagging the capability with band combination. 
The MIMO capability depends on the UE RF property, e.g. which frequency band the MIMO is to be applied and how the RF configuration in the UE looks like, but also it is dependent on the number of carriers/aggregated bandwidth from the baseband processing point of view. There is not much flexibility with the UE RF configuration when the UE indicates the support of different band combinations. It means the MIMO capability can be separated from the band combination and instead signalled per frequency band but based on the number of aggregated carriers to be configured on the band. 
Observation 3(b): The MIMO capability can be signalled per frequency band instead of per band combination. 
The CSI process capability is mainly UE baseband capability. Hence it should be possible to signal the CSI process capability only on a per UE basis. The UE can signal the supported number of CSI process depending on the number of MIMO layers to be configured for each carrier since the CSI process and the MIMO and also the CA will need to share the total UE baseband processing capacity. 
Observation 3(c): The CSI process capability is signalled per UE dependent on the number of MIMO layers to be configured for one carrier instead of per band combination. 
Up to Rel-12, the baseband dependent capabilities include the CA capability, the MIMO capability, the CSI process capability and the NAICS capability etc. As an alternative to signal the CSI process capability per UE, another option is to group the baseband related capabilities and signal a total baseband capability per UE. 
Observation 3(d): The UE signals a total baseband capability and the processing capability required for MIMO layer/CSI process/aggregated carrier/PRB/NAICS instead of separate them per band combination.
4 Fallback configurations

	In current design of capability, a signalled supported band combination does not indicate that its subsets on both DL and UL are supported. RAN2 agreed that each band combination needs to be explicitly signalled, since the band combination implies other capabilities that are not necessarily the same between superset and subset CA combinations. RAN2 may consider changing this design.
It should be noted that RAN4 decisions on requirements on fallback configurations impact how many subset would be need to be signalled explicitly. E.g. in RAN2 it was mentioned that if the UE supports 3 and more UL CCs and supports multiple-TA, it could support multiple-TA for all the fallback UL combinations. 

Question 5: RAN2 would like to understand if each fallback configuration would need to be signalled explicitly


Fall back configurations is not discussed in any detail in RAN4 regarding FeCA. For licensed operations, currently all fallback configurations are explicitly signalled, however, this could be prohibitive already for the currently available CA combinations, thus, needless to say that the explicit signalling of fallback modes may not be a suitable solution considering upto 32CC aggregation. The same applies for unlicensed band case that, the explicit fallback signalling may not be a suitable solution considering the RAN2 signalling overhead. So, it is our understanding that, implicit fallback signalling should be investigated in RAN4 in more detail. 

Observation-4: RAN4 needs further investigations on fallback configurations for FeCA feature, especially implicit signalling should be considered for CA fallback configurations.
5 Other enhancements
	RAN2 notices that the current bandwidth combination set has 32 values whereas in 36.101 only minor part of those are used (up to 3).  It could be discussed in RAN4 what would be reasonable value in future.

Question 6: What would be reasonable size of bandwidth combination sets with 32 CCs? 


Current bandwidth combination sets has 32 values. However, considering that, only 3 values are in use at this moment, we can propose that, upto 8 values could be enough for future CA operations.  
Observation-5: According to current understanding, at most 8 values will be used in case of up to 32CCs. 
6 Conclusions

In this contribution, we discuss a number of issues that are raised in [1] by RAN2 and we observe the following to assist with a response to RAN2:
Observation-1: Currently, 7 bandwidth classes are defined. As an extreme case, an additional 26 (i.e. a total of 33) bandwidth classes for intra-band CA would be needed if all classes up to 32 CCs are defined.
Observation-2: The actual number of aggregated bands and/or CCs depends on actual operator demands and UE architecture issues. Thus, it is difficult to say any number at this stage. 

Observation 3(a): The UE capabilities can be defined as RF and baseband capabilities instead of tagging the capability with band combination. 
Observation 3(b): The MIMO capability can be signalled per frequency band instead of per band combination. 
Observation 3(c): The CSI process capability is signalled per UE dependent on the number of MIMO layers to be configured for one carrier instead of per band combination. 
Observation 3(d): The UE signals a total baseband capability and the processing capability required for MIMO layer/CSI process/aggregated carrier/PRB/NAICS instead of separate them per band combination.
Observation-4: RAN4 needs further investigations on fallback configurations for FeCA feature, especially implicit signalling should be considered for CA fallback configurations.
Observation-5: According to current understanding, at most 8 values will be used in case of up to 32CCs.
Based on these observations, we propose a reply LS to RAN2 which is presented in [3].
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