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1
Introduction

In the last meeting,  the CA nominal channel spacing issues were largely discussed. The following agreements were achieved in the agreed WF[1]:
Agreement.
Specify that BW1 and BW2 as reference channel bandwidth in the calculation of nominal channel spacing

Reference channel bandwidth means the frequency span in MHz from the defined tables in RAN4 specs, covering all of the supported SCSSpecific-Carrier. Scenarios that carrier bandwidth with different SCSs can be fully overlapped

Terminology “Reference channel bandwidth” will not be used in the specs texts, only for the convenience of discussion

Agreement (cont’d).
Further check difference between UE and BS reference channel bandwidth 

Option 1: The UE reference channel bandwidth is the UE-specific bandwidth if present (R4-1903949)

Further check SCS corresponding to the reference channel bandwidth (reference SCS) if guard-band keeps in the equations calculating the nominal channel bandwidth

Potential specs change should minimize the impact on the channel spacing

Agreement (cont’d).
The equation to calculate the nominal channel spacing:

Option 1:The formulas in R4-1902870 apply for the calculation of the nominal channel spacing for CA

Option 2: Keep the current specs unchanged by defining a reference SCS mapping to the reference bandwidth

Other options not precluded

In this paper, we give some further discussions on how to solve the issues.

Discussion

 Potential issues

In the WF[1], two potential issues were listed, i.e. nominal channel spacings vary with SCS and contiguous or non-contiguous for the different configurations from UE and BS side.
Potential issue 1. nominal channel spacings vary with SCS
According to the current intra-band contiguous CA nominal channel spacing formulas, when the two CCs(CC1 and CC2) with different SCS configurations, the nominal channel spacing may vary when SCS changes, leading to ambiguity on being contiguous or non-contiguous for the same placement.

For intra-band contiguously aggregated carriers, the channel spacing between adjacent component carriers shall be multiple of least common multiple of channel raster and sub-carrier spacing. Hence the carrier spacing may be wider than the nominal channel spacing for a certain SCS configuration, which can be seen as intra-band non-contiguous CA according to the current descriptions in the spec. 

To solve this issue, some contributions[2~6] were submitted and the common understanding among the companies that the nominal channel spacing need to be decoupled with the SCS, which mean a fix nominal channel spacing shall be used for intra-band contiguous CA.

Obversation 1. When the nominal channel spacing is decoupled with the SCS(i.e. fix nominal channel spacing), then potential issue1 can be sloved.
The remaining problem is how to choose the SCS(also known as ‘μ’) in the formulas, and whether it is need to re-define the nominal channel spacing formulas. For the latter, the argument was whether or not the guard band item is removed in the formulas. It will be discussed is section 2.2 in detail.
Potential issue 2. contiguous or non-contiguous for different configurations

Another ambiguity on contiguous or non-contiguous for each combinations of CC1(SCSx) and CC2(SCSy) was raised in the WF. See the examples in the below figure.
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Figure 1. Example for the SCS-specific bandwidth from BS side(intra-band contiguous CA and intra-band non-contiguous CA)
As stated in [1], the reference channel bandwidth means the frequency span in MHz from the defined tables in RAN4 specs, covering all of the supported SCSSpecific-Carrier. Scenarios that carrier bandwidth with different SCSs can be fully overlapped, only for the convenience of discussion.
From BS perspective, the network can configure the UE with one or multiple carrierBandWidth, and at most one carrierBandWidth for each SCS. The IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier or the carrier bandwidth. It is defined specifically for a numerology (subcarrier spacing (SCS)) and in relation (frequency offset) to Point A.

From a UE perspective, the UE is configured with one or more BWP. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.  Also, no RF requirements related to BWP were defined in RAN4. Hence the BWP cannot be used to calculate the nominal channel spacing which is related to UE channel bandwidth is MHz.
The UEspecific bandwidth have been introduced in RAN2 for compliance with regulatory requirements. The carrier bandwidths for CA combination are configured for both carriers in the ServingCellConfig during RRCReconfiguration (based on UE capability) if the uplinkChannelBW-PerSCS-List is present.
In figure 1, the left part (i.e. (a)) is the intra-band contiguous CA and the right part(i.e. (a)) is the intra-band non-contiguous CA from BS side, and the carrier bandwidth of UE can be configured as equal to BS reference bandwidth(CC1 and CC2), or smaller than the  BS reference bandwidth(CC3 to CC6).

For the left part (i.e. (a)): 
- CC1 (SCS1) and CC2(SCS2): Since the UE carrier bandwidths are the same as the BS reference channel bandwidth, then the CA configuration can also be seen as intra-band contiguous CA. The nominal channel spacing are the same for UE and BS.
- CC5 (SCS5) and CC6(SCS6): Although the UE carrier bandwidths are the smaller than the BS reference channel bandwidth, then the CA configuration can also be seen as intra-band contiguous CA. The nominal channel spacing are the different for UE and BS. 
- For the other configurations, such as CC1 (SCS1) and CC4(SCS4), the channel spacing is larger than the nominal channel spacing, hence the CA configuration can be seen as intra-band non-contiguous CA from UE side while it is still intra-band contiguous CA from BS side.
For the left part (i.e. (b)): 

- since it is intra-band non-contiguous CA from BS side, which means the channel spacing is larger than the nominal channel spacing. Whatever the channel bandwidth configured, the all of the CA configurations can be seen as intra-band non-contiguous CA from UE side.

Since some RF requirements such as A-MPR are different for intra-band contiguous CA and intra-band non-contiguous CA, therefore in case of the BS is operated in intra-band contiguous CA, the cases of CC3(SCS3) + CC4(SCS4) and CC5(SCS5) + CC6(SCS6) are the different even for the same carrier bandwidths.

Obversation 2. The CA combination is intra-band contiguous should be treated differently for UE and BS.

Obversation 3. From a UE perspective, SCS-SpecificCarrier or UE specific bandwidth if uplinkChannelBW-PerSCS-List is present during RRCReconfiguration shall be used for intra-band contignous CA.

CA Nominal channel spacing

In Table 1, the proposals from the companies [2~5] in the last meeting are summarized.

Table 1. Proposals in the last meeting.
	Contributions
	Proposals

	R4-1902870 (Intel)

R4-1904269 (Nokia)
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	R4-1903949 (Erissson)
	The largest u was used, without changing the current formulas

	R4-1903832 (ZTE)
	Maximum nominal channel spacing, without changing the current formulas

	R4-1904164 (NTT DOCOMO)
	Tend to keep  the current formulas unchanged.


Some concerns from companies on the impact on the sepc (such as unwanted emission requirements) if the formulas are re-defined without considered the guard band item. The potential specs change should minimize the impact on the channel spacing meanwhile make sure the definition of non-contiguous CA is unambiguous. Hence, keep the current formulas unchanged is reasonable way.

Then the remaining problem is how to choose the SCS(also known as ‘μ’).
When the RRC connection setup is established, UE will transfer its capability information to BS, where the supported SCSs for a NR band is configured in the channelBWs-DL-v1530 in RF-Parameters. It shall be noted that different UEs have different UE capabilities, which means the supported SCSs may be different for the different UEs even with the same bandwidth.  It will cause different CA behaviour for different UEs scheduled in the same placement. For example,  Both UE1 and UE2 can be scheduled by the BS with the same carrier channel bandwidth for each carrier in the same placement, i.e. both CC5 and CC6 in figure 1(a) can be scheduled by BS for UE1 and UE2, where UE1 and UE2 have different UE capabilities (i.e. different supported SCS). Assumption that UE1 is operated as intra-band contiguous CA, then the UE2 may be operated as intra-band non-contiguous CA due to the different supported SCS. In this case, the UE2 may not a preference scenarios in the actual network scheduling due to some non-contiguous CA RF requirements are worse than contiguous CA RF requirements.
RRC connection can be modified with the RRC reconfiguration procedure based on the UE capability. For CA operation, the carrierbandwidth(i.e. UE-specific bandwidth) and the SCS would be reconfigured for each carrier if the uplinkChannelBW-PerSCS-List is present. In this case, it can decide the SCS  (also say ‘reference SCS’) with largest μ in the SCSs reconfigured for both carrier.
However, in our understanding, only one SCS is reconfigured for each carrier during RRC reconfiguraion procedure. For each RRC reconfiguration procedure, the SCS reconfigured for the same carrier may be different even for the same UE-specific bandwidth. It is unknow which reference SCS is the largest μ before all the supported SCS based on UE capability are configured with uplinkChannelBW-PerSCS-List in the RRC reconfiguraion procedure. So the reference SCS may be varied during different RRC reconfiguraion procedures. It may cause the behaviour changed from intra-band contiguous CA to intra-band non-contiguous CA for the same UE scheduled by the BS. Consequently the RF requirements will be impacted since the RF requirements are different for intra-band contiguous CA and intra-band non-contiguous CA from UE side.

Based on the above, for the largest μ value, either among the subcarrier spacing configurations in channelBWs-DL-v1530 field of the RF-Parameters IEs for both carrier or the reference SCS in RRC reconfiguration may not the reasonable way.So it is propose to use the largest μ values of the subcarrier spacing configurations supported in the operating band for both UE and BS.
When the largest μ is selected, then the nominal channel spacing is fixed, which mean the nominal channel spacing for intra-band contiguous CA and intra-band non-contiguous CA are not ambiguity any more.

Changes in Spec
Based on the above discussion, the proposed changes in the specs are shown as follow.

【TS38.104】:
5.4.1.2
Channel spacing for CA

For intra-band contiguously aggregated carriers, the channel spacing between adjacent component carriers shall be multiple of least common multiple of channel raster and sub-carrier spacing.

The nominal channel spacing between two adjacent aggregated NR carriers is defined as follows:

For NR operating bands with 100 kHz channel raster:
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For NR operating bands with 15 kHz channel raster:
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For NR operating bands with 60kHz channel raster:


[image: image6.wmf][MHz]

2

*

06

.

0

2

*

06

.

0

2

spacing

channel

Nominal

1

)

2

(

)

1

(

)

2

(

)

1

(

n

n

Channel

Channel

Channel

Channel

GB

GB

BW

BW

ú

ú

û

ú

ê

ê

ë

ê

-

-

+

=

+


with


[image: image7.wmf]2

)

,

max(

2

1

-

=

m

m

n


Where BWChannel(1) and BWChannel(2) are the BS channel bandwidths of the two respective NR component carriers according to Table 5.3.2-1 and 5.3.2-2 with values in MHz covering all of the supported SCS-SpecificCarrier, and the GBChannel(i) is the minimum guard band defined in subclause 5.3.3 with the largest SCS of each component carrier supported in the operating band, while 1 and 2 are the largest μ value of the subcarrier spacing configurations of the component carriers supported in the operating band as defined in TS 38.211.
The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of least common multiple of channel raster and sub-carrier spacing less than the nominal channel spacing to optimize performance in a particular deployment scenario.

For intra-band non-contiguous carrier aggregation the channel spacing between two NR component carriers in different sub-blocks shall be larger than the nominal channel spacing defined in this subclause.

[TS38.101]:
5.4A
Channel arrangement for CA

5.4A.1
Channel spacing for CA

For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent NR component carriers is defined as the following unless stated otherwise:

For NR operating bands with 100 kHz channel raster:
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For NR operating bands with 15 kHz channel raster:


[image: image9.wmf][MHz]

2

*

015

.

0

2

*

015

.

0

2

spacing

channel

Nominal

1

)

2

(

)

1

(

)

2

(

)

1

(

n

n

Channel

Channel

Channel

Channel

GB

GB

BW

BW

ú

ú

û

ú

ê

ê

ë

ê

-

-

+

=

+


with 

[image: image10.wmf])

,

max(

2

1

m

m

=

n


where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective NR component carriers according to Table 5.3.2-1 with values in MHz or UE specific channel bandwidth if the UplinkChannelBW-PerSCS-List in the ServingCellConfig IE is present for both carriers. and the GBChannel(i) is the minimum guard band defined in sub-clause 5.3.3 with the largest SCS of each component carrier supported in the operating band, while µ1 and µ2 are the largest μ value of the subcarrier spacing configurations of the component carriers supported in the operating band as defined in TS 38.211. 
The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of least common multiple of channel raster and sub-carrier spacing less than the nominal channel spacing to optimize performance in a particular deployment scenario.

For intra-band non-contiguous carrier aggregation the channel spacing between two NR component carriers in different sub-blocks shall be larger than the nominal channel spacing defined in this subclause.

3
Conclusion

In this contribution, we gives some further considerations on issue of the nominal channel spacing for intra-band contiguious CA and intra-band non-contiguous CA. It is proposed:

The CA nominal channel spacing is determined by the supported largest μ supported in the operating band.
The draft CR/CR to reflect the above changes for the impacted specs are shown in [7~11].
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