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1 Introduction

The following offline discussion in RAN2#104 meeting leads to this email discussion.

R2-1817327
Clarify for per CC UL/DL modulation order capabilities
Spreadtrum Communications
CR
Rel-15
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0057
-
F
NR_newRAT-Core

=>
To be discussed offline to ensure alignment with RAN1 specs

=>
Revised in R2-1819022 (Offline discussion 96)

R2-1819022
Clarify for per CC UL/DL modulation order capabilities
Spreadtrum Communications
CR
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· [104#xx][NR] per CC UL/DL modulation order capabilities (Spreadtrum) 


Intended outcome: Agreed CR to 38.306


Deadline:  Monday 2018-11-26 

2 Discussion

The field supportedModulationOrderDL and the field supportedModulationOrderUL were first introduced in 38306_CR0003r3_(Rel-15)_R2-1804120 [1] as CC per BPC capabilities, then changed to CC per Band per BC capabilities in 38306_CR0012r1_(Rel-15)_R2-1809043 [2], and finally changed to FSPC capabilities in 38306_CR0030_(Rel-15)_R2-1813437 [3]. 

After above changes, the descriptions of these two capabilities have not been changed ever since they were introduced, so we think the meaning of these two capabilities has become ambiguous.

The related RAN2 agreements we can find is as follows:

In RAN2#99 chairman notes [4]

Agreements

1
RAN2 will define a solution based where the baseband capabilities are extracted from the BC structure and convey the baseband capabilities in a separate table. We intend to avoid providing fallback combinations and duplication of combinations.

Agreements

-
In NR, the number of supported MIMO layers is signalled as explicit UE capability and not part of a UE category.

-
In NR, the modulation schemes are signalled as explicit UE capability and not part of a UE category.

-
RAN2 assumes that the UE’s band combinations together with the baseband capabilities (modulation scheme, MIMO layers, …) comprise all information necessary to calculate the maximum data rate achievable on each serving cell, in each cell group and per UE.

-
If RAN1 and RAN4 agree with that assumption, RAN2 intends to apply the following: 

-
“A non-DC UE supporting a peak data rate that is lower than the data rate achievable according to the above-mentioned parameters indicates this by a per-UE category (data rate). 

-
However, a UE supporting dual connectivity (MR-DC, NR-NR DC) shall not advertise a category (data rate) that is lower than the highest data rate achievable according to any of the DC band combinations (to avoid the need for inter-node negotiation of the data rate split).”

In RAN2#99bis chairman notes [5]

Agreements

1
Modulation order is in included in the BPC.   

In AH-1801 chairman notes [6]

Agreements

1: Keep supportedBW-PerCC as per CC capability. (Value range to wait for RAN4)

2: Keep modulationOrder as per CC capability

FFS: subCarrierSpacing as per CC capability.

4: Separate supported modulation for DL and UL.

FFS: Whether to separate SCS for DL and UL (Possibility for network to use different SCS for DL and UL to be checked with RAN1/4)

During RAN2#101bis meeting

In R2-1804244 Reply LS on Baseband Processing Capabilities (R4-1803563; contact: Qualcomm), RAN4 [7] confirms RAN2 that:

RAN4 confirms that RAN2 agreements on BPC are aligned with RAN4 views:

· Keep supportedBW-PerCC as per CC capability. (Value range to wait for RAN4)

· Keep modulationOrder as per CC capability

· Separate supported modulation for DL and UL.

During RAN2#104 meeting

In R2-1816221 LS on clarification to Max Data Rate in TS38.306 [8], RAN1 asks RAN2 to take the following TP:

================  Text Proposal for TS38.306 ================

4.1.2
Supported max data rate
<omitted>
wherein

J is the number of aggregated component carriers in a band or band combination

Rmax = 948/1024

For the j-th CC,
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 is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.
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 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.
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is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
The scaling factor can take the values 1, 0.8, 0.75, and 0.4.

f (j) is signalled per band and per band per band combination 
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 is the numerology (as defined in TS 38.211 [6])

<omitted>
================ End of Text Proposal for TS38.306 ================
After checking the above agreements, we think there are still two kinds of interpretation for these two capabilities.
Interpretation A: these two fields represent the highest modulation order that can be supported for UL and DL on this CC. This means the value of the per UE capability of pdsch-256QAM-FR1 and the per band capability of pdsch-256QAM-FR2 can be overrided by the value of supportedModulationOrderDL if a different modulation order scheme is indicated. And the value of the per band capability of pusch-256QAM can be overrided by the value of supportedModulationOrderUL if a different modulation order scheme is indicated.

Interpretation B: these two fields are used by the network to determine the maximum L1 data rate that the UE supports for UL and DL on this CC. The network may use a modulation order on this serving cell which is higher than the value indicated in this field provided that the resulting TBS size does not the value determined using this field. This means if the per UE capability of pdsch-256QAM-FR1 and per band capability of pdsch-256QAM-FR2 are set to ‘supported’, then for this UE, all the bands indicated by these fields must support 256QAM PDSCH reception, and if per band capability of pusch-256QAM are set to ‘supported’, then for this UE, all the bands indicated by these fields must support 256QAM PUSCH transmission. 
Note that the above two interpretation also requires to avoid the following filling cases of UE capabilities.

Case 1,

supportedModulationOrderDL set to pi/2 bpsk, as for downlink there is no pi/2 bpsk.

Case 2,

supportedModulationOrderUL set to pi/2 bpsk while pusch-HalfPi-BPSK set to ‘not supported’.

Case 3,

supportedModulationOrderUL set to 256QAM while corresponding band’s pusch-256QAM set to ‘not supported’.

Case 4,

supportedModulationOrderDL set to 256QAM for a CC within a FR1 band while pdsch-256QAM-FR1 set to ‘not supported’.

Case 5,

supportedModulationOrderDL set to 256QAM for a CC within a FR2 band while this band’s pdsch-256QAM-FR2 set to ‘not supported’.

We also notice that although maxNumberMIMO-LayersPDSCH, maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH are used for calculating the maximum L1 data rate on one CC, they also can define the maximum number of MIMO layer that UE can support on this CC.
2.1 Interpretation preferred
Companies are invited to provide their views on which interpretation are preferred.

	Company
	Prefer (A or B)
	Comments on the reason

	Spreadtrum
	A
	Interpretation A can provide more flexibility for UE implementation, which is useful in some certain scenarios.

	Huawei
	A
	In our understanding the modulation order indicated in featureset is a kind of UE processing capability. If we go for Option B, this seems like a capability which might be dynamically changed as the definition of “the largest TB size to be scheduled”  is confusing. The largest TB size can be affected by the configuration of MIMO layers, DMRS etc  and it would be difficult to have a consistent understanding between the UE and the network what is the largest TB size. Option 1 seems simpler.

	Ericsson
	B
	As Huawei said, the possibility to indicate a modulation order in the FeatureSetPerCC which is lower than the indicated/mandatory value for the band/FR was meant to account for limit baseband processing. E.g. all UEs shall in general support 256QAM on all FR1 downlink carriers. However, when configured with several carriers or advanced MIMO, they may not be able to handle the total peak data rate which would result from the combination of all those features. 

The UE may then indicate that it support only e.g. 64QAM on a carrier. The NW uses this value and other values (e.g. 4 layer MIMO; 2 CCs, ...) to determine the maximum data rate and transport blocks size which the UE supports. If the NW ensures that it its DL/UL allocation for the UE does not exceed this calculated TBS, it may even use 256QAM.

	ZTE
	B
	We share the similar view with Ericsson. 

We also think the main usage of the modulation order in the FeatureSetPerCC is to calculate the peak rate,which is linked to the baseband processing capability and L2 buffer. Therefore, if the NW can ensure that the TBS used do not exceed the TBS calculated for peak rate, the NW should be allowed to use any modulation order supported according to RAN1 capabilities.

	Intel
	B
	It is our understanding as well.  We think the below field description for supportedModulationOrderDL (and UL) explains ‘B’:
supportedModulationOrderDL
The network uses the modulation order to determine the transport block size for this carrier, such that the maximum L1 DL data rate for all the configured carriers does not exceed the data rate the UE supports based on the reported IE scalingFactor for the current CA or non-CA configuration.  The network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as the UE supports the modulation of higher value.

	Qualcomm
	B
	

	
	
	

	
	
	


2.2 Comments for interpretation A draft CR

A draft CR is provided for interpretation A, companies are invited to give comments for this draft CR.

	Company
	Comments

	Huawei
	We are basically fine with the principle, but the 5 cases in the coversheet seems not so relevant with the changes and is it necessary to include this part? 
For the specific changes, in our understanding QPSK is the lowest modulation order for PDSCH as defined in RAN4. 
Also it is worth clarifying that the indicated support in supportedModulationOrderDL and supportedModulationOrderUL shall not change the mandatory support from UE side on 64QAM and 256QAM for FR1.

	
	

	
	

	
	

	
	

	
	

	
	


2.3 Comments for interpretation B draft CR
A draft CR is also provided for interpretation B, companies are invited to give comments for this draft CR.

	Company
	Comments

	Ericsson
	Text looks OK but lacks one word: “The network may use a modulation order on this serving cell which is higher than the value indicated in this field provided that the resulting TBS size does not exceed the value determined using this field.”

	ZTE
	The same comment as Ericsson.

	Intel
	supportedModulationOrderDL (and same for UL)
The network uses the modulation order to determine the transport block size for this carrier, such that the maximum L1 DL data rate for all the configured carriers does not exceed the data rate the UE supports based on the reported IE scalingFactor for the current CA or non-CA configuration.  The network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as the UE supports the modulation of higher value.

	Huawei
	So if a UE reports 8 MIMO layers with modulation order indicated as QPSK, and also the UE assumes it needs to be mapped to two TB with largest size A, and in this case if the NW scheduled the UE to use 4 MIMO layers, can the NW assume a TB with Size B which is two times as size A and then ask for a higher modulation scheme from the UE side?
If the above understanding is correct, isn’t it more suitable to consider a combined TB size and the number of TBs instead of just the largest TB size?

	NTT Docomo
	 Even though the majority understands interpretation B, first of all, isn't it clear from the change to be done by the rapporteur's update CR on 38.306 as shown below?
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is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

On the other hand, I tend to agree that the following text may be useful for clarity.

The network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for DL. 

In that sense, the following text is enough for the field description?

Used to derive the maximum DL data rate as specified in 4.1.2. The network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for DL.

	
	

	
	


2.4 Additional comments

	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	


3 Summary
There are 6 companies shared their point of view. Two companies support interpretation A and four companies support interpretation B. But after further discussion, it is a common view that the modulation orders indicated in the FeatureSetPerCC should only be used for calculating the maximum L1 data rate on this carrier. 

As Huawei’s second comments, the supportModulationOrderDL should be used for determining the maximum transport block size multiplying the maximum number of transport block that the maxNumberMIMO-LayersPDSCH on this carrier allows. So, the term “maximum transport block size” is not correct for all cases. The term “maximum L1 data rate” can fits all the cases.
Proposal 1: Take interpretation B [9] as the description for supportedModulationOrder.
4 Proposals

Proposal 1: Take interpretation B [9] as the description for supportedModulationOrder.
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