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Introduction
In RAN4#83 meeting, the WF in R4-1706321 was approved for channel bandwidth including wideband operation. Some initial criterions on how to define channel bandwidth were captured in this WF for RAN4 future study. However, it seems several fundamental aspects are not well understood and need further clarification in RAN4. Hence in this contribution we summarized questions on following issues:
· Zero guard band for wideband operation
· Spectrum utilization for carrier aggregation 
· Implementation complexity 
· Specification aspect 
Discussion
Zero guard band for wideband operation
In the LS from RAN1 the request to RAN4 states as below:
Agreement
· Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands
According to the LS RAN1 request is only for BS with single wideband CC operation and UE with contiguous carrier aggregation to support such wide system bandwidth. In this case, it seems no additional requirement is needed, which could be left as implementation for UE. The only thing needs to be ensured is to keep the same PRB grid as agreed in RAN1. 
However, it’s still beneficial to clarify RAN4 understanding the UE behaviour further. As shown in figure below, if Network is configured as 400MHz system bandwidth and there are three different UE behaviours to support such wide bandwidth as CA(2CCs are assumed in this example)  and single carrier. For CA case two different UE behaviours are possible as:
· UE 1: SU same as single carrier
· UE 2: SU is sum of SU for two component carriers.


Figure 1: BS with wideband operation and UE with different capability to support 400MHz
Question 1 on examples in figure 1: 
Is UE behaviour 1 is mandatory in NR phase? Or whether UE behaviour 2 is allowed?

In addition, as shown in figure 2 for specific SU of BS there is possibility that certain PRB may not be configurable depending on UE implementation. 


Figure 2: BS with wideband operation and UE with 2CCs CA to support 400MHz and one PRB is equally divided in two CCs of UE
Question 2 on example figure 2: 
 2-1: Is even PRB of SU to be defined for some CHBWs or not?
 2-2: Is the PRB 131 in the figure mandatory to be configurable for UE if odd PRB of SU is introduced?
[bookmark: _GoBack] 2-3: If PRB131in the figure is allowed not to be configurable with odd PRB of SU is intouduced would be considered as guard band in UE side or unusable PRB only?

Furthermore, during Hangzhou meeting discussion, there is opinion that the RAN1 LS [1] also includes the carrier aggregation for network side which shows as figure 3 below. Case 1 in the figure could be considered as BS intra-band contiguous CA following the nominal CA channel spacing principle defined in LTE. Even with such nominal channel spacing defined in specification the minimum channel spacing is still allowed in deployment as discussed in LTE and such kind of demo requirement is introduced accordingly. 


Figure 3
Question 3 on RAN1 request coverage: 
Whether case 2 is included in RAN1 request and case 1 is not allowed any more in NR phase?

If it’s common understanding that zero guard band or minimize guard band for intra-band contiguous carrier aggregation of network side indeed covers in RAN1 LS or has to be addressed in RAN4 specification. Then next aspect would be impacted is how to define and understand the spectrum utilization especially for intra band carrier aggregation case which is further elaborated in following part.
Spectrum utilization assumption for carrier aggregation
Even allow zero guard band or minimize guard band between components in BS carrier aggregation is agreed, regarding the spectrum utilization for this case there would be still two candidate options as blow. 
· Option 1: SU is same as sum of corresponding single CC SU.
· Option 2: one dedicated SU would be introduced which is larger than the sum of corresponding single CC SU.

Table 1: example on SU options for carrier aggregation
	
	Single carrier case
	Carrier aggregation  

	Channel bandwidth
(set)
	X MHz
	Y MHz
	Z MHz=(X+Y) as maximum channel bandwidth for this band
	(X+Y)MHz
	(X+Z)MHz

	SU(for certain SCS)
	(a)PRB
	(b)PRB
	(c)PRB
	Option 1: (a+b)
Option 2: (c)
	Option 1: (a+c)
Option 2: a specific value different than (a+c)

	Note: (c)≠(a)+(b)


If option 1 in the table is agreed, no specific SU requirement is needed for intra band contiguous carrier aggregation. However, if option 2 is agreed, SU requirement for each channel bandwidth set should be defined explicitly in specification. 
Question 4 on SU for carrier aggregation: 
Which option would be assumed in future study? 
Following aspect would be further discussion on implementation complexity on top of previous two aspects. 
Implementation complexity 
BS side:
Question 5: If BS is mandatory to support zero guard band in carrier aggregation mode, any challenging for BS implementation? For example, to support 8CCs contiguous CA with no guard band as below:


Figure 4
UE side:
Question 6: If zero guard band is not mandatory for BS carrier aggregation or even zero guard band is required but option 1of SU is agreed, would there be UE implementation complexity to support different band combination sets with the same total aggregated bandwidth?
An extreme example is shown as figure below, to support 800MHz aggregated channel bandwidth shown for different network conditions (if UE can support maximum 800MHz system bandwidth with CA) does it imply UE different baseband behaviour which would increase UE implementation complexity extremely?


Figure 4
Specification analysis 
Regarding wideband operation following aspects should be further studied to determine how to capture channel bandwidth, transmission bandwidth configuration, CA bandwidth combination set in specification. The answers to above questions would also impact the decision on following issues.
1. Ensure forward compatibility when introduce new maximum channel bandwidths 
· How to ensure the legacy UE can understand the newly introduced maximum system channel bandwidth not captured in RAN4 specification in early release.
· How to ensure the legacy UE can understand the newly introduced CA channel bandwidth combination set not captured in RAN4 specification in early release if needed.
· How to ensure the legacy UE can understand and access to the same system channel bandwidth with updated and different SU.
2. UE signaling to indicate its bandwidth capability and how it supports this bandwidth to BS
· In RAN4 spec the channel bandwidth and Transmission bandwidth configuration for single carrier case would defined explicitly. 
· In RAN4 spec the channel bandwidth combination set for CA would be defined explicitly.
· Whether the Transmission bandwidth configuration for each channel bandwidth combination should be defined explicitly is FFS.
· UE would declare separated UL and DL bandwidth capability 
· Bandwidth capability per single carrier is to be declared a maximum one and the lower channel bandwidth would be supported automatically
· Aggregated bandwidth capability would be declared with all necessary information needed by network scheduling. 
· FFS on whether need to distinguish RF and BB bandwidth capability 
· FFS if different spectrum utilization would exist between TX and RX , UL and DL
Conclusion
In this contribution the zero guard band and/or minimization on guard band according to wideband operation was analyzed. Both spectrum utilization assumption/target and BS/UE implementation complexity should be taken into account to make the decision on how to handle guard band issue regarding RAN1 LS. Several questions were summarized in this contribution to seek RAN4 clarification. 
In addition, preliminary analysis on how to capture bandwidth definition in RAN4 specification was provided as well.
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