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Introduction
In RAN1-AH-1801 meeting, the following agreement was made:
Agreements:
· Prior to RRC configuration, TBS_LBRM should be derived based on reference value for maximum number of layers and for maximum modulation order.
· Reference values should be specified for Rel-15 at least for downlink

In this contribution, we discuss the reference values for TBSLBRM derivation.
[bookmark: _Ref178064866]Discussion
In general, the following two parameters are used in TS 38.212 [1] to derive TBSLBRM, which is in turn used to influence the number of coded bits for each code block in the rate matching procedure, when limited buffer rate matching is applied. 
-	, maximum number of layers for one TB supported by the UE for the serving cell;
-	Qm, maximum modulation order configured for the serving cell;
Prior to RRC configuration,  and Qm are not known for downlink. Hence the reference values, ref and Qm,ref are needed for downlink calculation of TBSLBRM,ref.  These reference values should be the minimum that can be RRC configured for any UE for normal data transmission. They should be differentiated from the values that are actually used in the first few PDSCH transmission before RRC configuration. This is because the reference values are used to derive the smallest possible soft buffer size that a UE has implemented for any PDSCH. 

In LTE, the maximum number of MIMO layers that can be RRC configured is 2, 4, or 8 layers. That is, the lowest possible   to configure is 2 layers. Similar to LTE, reference value of  should be defined as: 
ref = 2.
[bookmark: _Toc506388546][bookmark: _Toc506388614][bookmark: _Toc506565184]For DL, reference value for maximum number of layers for a TB is ref = 2.

It is noted that the following is agreed [2]:
· For NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline
However, for the purpose of defining ref, it is not necessary to particularly define ref = 4 for the above NR bands, since this unnecessarily introduces band dependent parameter value in TS 36.212. As observed below, in practice FBRM is used for PDSCH before RRC configuration even with ref = 2.

Regarding the reference value for maximum modulation order, it should be
Qm,ref= 6.
It has been agreed that 64QAM is mandatory to be supported for both FR1 and FR2 for PDSCH.

[bookmark: _Toc506388547][bookmark: _Toc506388615][bookmark: _Toc506565185]For DL, reference value for maximum modulation order is Qm,ref= 6.

The parameter values used in calculation of TBSLBRM,ref are quite different from the parameter values used in actual DL TBS transmission prior to RRC configuration. This is shown in Table 1 below. For example, the actual PDSCH transmission before RRC configuration is agreed to use single-layer with DMRS port 0. Additionally, the PDSCH transmission before RRC configuration are likely limited to QPSK only with relatively low code rate. Thus, actual TBS before RRC configuration is expected to be less than 1/6 of TBSLBRM,ref. The net effect is that limited buffer rate matching is not applied to PDSCH before RRC configuration.

[bookmark: _Toc506388518][bookmark: _Toc506565188]FBRM is applied to PDSCH transmission before RRC configuration.

Table 1. Parameter values used in TBS calculation
	Parameter
	For calculation of TBSLBRM,ref
	For calculation of actual TBS before RRC configuration

	Number of layers for one TB
	2
	1

	Modulation order
	6 (64-QAM)
	2 (QPSK)

	Code rate
	948/1024
	679/1024 
(Highest code rate associated with QPSK in MCS tables)




For uplink, full buffer rate matching is agreed to be the default. Hence no reference values are necessary for uplink.

[bookmark: _Toc506388548][bookmark: _Toc506388616][bookmark: _Toc506565186]For UL, no reference values are necessary for maximum modulation order or maximum modulation order.

Conclusions
In this contribution, we made the following observations:
[bookmark: _GoBack]Observation 1	FBRM is applied to PDSCH transmission before RRC configuration.

Based on the discussion in this contribution we make the following proposals:

Proposal 1	For DL, reference value for maximum number of layers for a TB is ref = 2.
Proposal 2	For DL, reference value for maximum modulation order is Qm,ref= 6.
Proposal 3	For UL, no reference values are necessary for maximum modulation order or maximum modulation order.

[bookmark: _In-sequence_SDU_delivery]References
3GPP TS 38.212.
RP-172788, “Mandatory 4Rx antenna performance for NR UE,” Vodafone. 3GPP TSG RAN #78, Lisbon, Portugal, 18th – 21st Dec 2017.
	2/3	
