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1. Introduction

In the WID of [1], the following objectives are included:

	· Specify 16-QAM for unicast in UL and DL, including necessary changes to DL power allocation for NPDSCH and DL TBS. This is to be specified without a new NB-IoT UE category. For DL, increase in maximum TBS of e.g. 2x the Rel-16 maximum, and soft buffer size will be specified by modifying at least existing Category NB2. For UL, the maximum TBS is not increased. [NB-IoT] [RAN1, RAN4]

· Extend the NB-IoT channel quality reporting based on the framework of Rel-14—16, to support 16-QAM in DL. [NB-IoT] [RAN2, RAN1, RAN4].


In RAN1#102e meeting, the following agreements have been achieved [2]:

	Agreement

At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is select one option from following:

· Option 1: 4968 bits with ISF=7

· Option 2: 5072 bits with ISF=7

· Option 3: 5736 bits with ISF=7

· FFS on ISF>7 for this maximum TBS

FFS for inband deployments
//skip the RAN2 unrelated part//


In RAN1#103e meeting, the following agreements have been achieved [3]:

	Agreement

At least for standalone and guard-band deployments, the maximum TBS to support 16-QAM for unicast in DL is 4968 bits with ISF=7.
Agreement

For inband deployment, the maximum TBS to support 16-QAM for unicast in DL is 3624 bits (ISF=7).

//skip the RAN2 unrelated part//

Agreement

Explicit or implicit signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported.

· NPDSCH in symbols without NRS and CRS

· NPDSCH in symbols with CRS (only for “In-band” deployment)

· NPDSCH in symbols with NRS

Agreement

For 16-QAM in NB-IoT, separate optional UE capabilities for UL and DL are supported:

· The support of 16QAM in DL is indicated by an optional UE capability signaling. 

· The support of 16QAM in UL is indicated by an optional UE capability signaling.

Agreement

For 16-QAM in NB-IoT, separate UE-specific RRC signaling for UL and DL are supported:

· 16QAM for UL is configured by UE-specific RRC signaling.

· 16QAM for DL is configured by UE-specific RRC signaling.

//skip the RAN2 unrelated part//
Working Assumption

· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.

· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.

Agreement
Repetitions larger than 2 are not supported in case of 16QAM for downlink

· FFS: Whether repetition of 2 is supported or not

Agreement

16QAM can be used at least for multi-tone transmission with 12 subcarriers.

· FFS: 3 and 6 subcarriers.


In RAN1#104e meeting, the following agreements have been achieved [4]:

	Agreement
DL 16-QAM is applicable for NPDSCH scheduled from a DCI with CRC scrambled by C-RNTI.

· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.

· FFS: Applicability of 16-QAM for PUR.

Agreement
Repetition is not used for 16-QAM in uplink.

Agreement
UL 16-QAM is applicable for NPUSCH scheduled from a DCI with CRC scrambled by C-RNTI.

· At least C-RNTI from USS is supported, FFS if 16-QAM is applied to C-RNTI from CSS.

· FFS: Applicability of 16-QAM for PUR or EDT.

Agreement
The soft buffer size for Cat. NB2 UEs supporting 16QAM for downlink is 12800 bits.

Working Assumption

The previous working assumption on the following TBS indices for downlink is updated with following modifications:
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Agreement

I_SF>7 is not supported in Rel-17.
Agreement

Confirm the following working assumption:

· The following TBS indices are introduced for uplink
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Agreement

The following working assumption is confirmed with following modifications:

· For inband deployments, the downlink TBS entries between 11 (TBS of 2024 for I_SF=7) and [17] are used for 16QAM.

Agreement

Repetition of 2 is NOT supported for 16-QAM in downlink.
Agreement

On the breaking point between QPSK and 16QAM for NPUSCH, the UL TBS entries only between 14 and 21 are used for 16QAM if 16QAM is configured.
Agreement

16-QAM can be used for 3 and 6 subcarriers NPUSCH format 1

Agreement

The NPDSCH EPRE in symbols with NRS can be different and can be the same with the NPDSCH EPRE in symbols without CRS and NRS.

· FFS on signaling details

· FFS for the handling on whether the PCI is different or the same


In RAN1#104b-e meeting, the following agreements have been achieved [5]:

	Agreement

Confirm the working assumption that the following TBS indices are introduced for downlink with modification in RED:
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Agreement

Confirm the working assumption:

· For standalone and guardband deployments, the downlink TBS entries between 14 (TBS of 2856 for I_SF=7) and 21 are used for 16QAM.

Agreement

For both uplink and downlink

· 16-QAM is not applied to C-RNTI from CSS.

· 16-QAM is not applied to EDT.

//skip the RAN2 unrelated part//
Agreement

For downlink power allocation to support 16QAM:

· For standalone and guard-band deployments:

· Option 1: Two power ratios are signaled

· NPDSCH EPRE to NRS EPRE in symbols with NRS

· NPDSCH EPRE to NRS EPRE in symbols without NRS

· Option 2: the power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS is signaled, assuming the same transmit power of different symbols.

· Option 3: the power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled, assuming the same transmit power of different symbols.

· If the signaling(s) is(are) not indicated, the legacy power allocation is used.

· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports

· For inband deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments.

· FFS to reuse the existing parameter nrs-CRS-PowerOffset.

· FFS: Whether UE specific or cell-specific or carrier-specific signaling is used

Agreement

If 16-QAM is configured for NPDSCH, the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.


In RAN1#105-e meeting, the following agreements have been achieved [6]:
	Agreement

· Support 16-QAM for multi-TB scheduling.

Working Assumption

Support 16-QAM for NPUSCH in PUR procedure.

· FFS on support of 16-QAM for NPDSCH in PUR procedure.

//skip the RAN2 unrelated part//
Working Assumption

For downlink power allocation to support 16QAM:

· For standalone and guard-band deployments:

· One power ratio is signaled optionally

· NPDSCH EPRE to NRS EPRE in symbols without NRS

· The same transmit power is assumed across different symbols.

· If the signalling is not indicated, the legacy power allocation is used.

· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports

· UE specific signalling is used

Agreement

· Introduce a new term in uplink power control of NPUSCH using 16-QAM. FFS on the details.

Agreement

· When configured with downlink 16-QAM, the channel quality can be reported in MAC CE.

· FFS on support in Msg3 in connected mode

//skip the RAN2 unrelated part//
Agreement
For CQI table for downlink 16-QAM, down-select between following options in RAN1#106-e:

· Option 1: More than three candidate values for 16-QAM are added in the legacy table.

· FFS: Which of the legacy entries are removed

· Option 2: Three candidate values for 16-QAM are added in the legacy table.

· Option 3: A new CQI table is defined for 16-QAM based on the eMTC table (CQI Tables in 36.213) as a starting point

Agreement

For downlink power allocation to support 16QAM:

· For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. Down-select from the following options in RAN1#106-e: 

· Alt 1:

· The existing parameter nrs-CRS-PowerOffset is reused for same PCI case, and is signaled for different PCI case.
· The same transmit power of different symbols is assumed as to derive from nrs-CRS-PowerOffset the NPDSCH EPRE in symbols with CRS.

· Alt 2: 

· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signaled

· FFS: NPDSCH EPRE to NRS EPRE in symbols with NRS

FFS: Whether UE specific or cell-specific or carrier-specific signalling is used.


In RAN1#106-e meeting, the following agreements have been achieved [7]:
	Agreement:

Confirm the following working assumption:
· Working Assumption

· Support 16-QAM for NPUSCH in PUR procedure.

Confirm the working assumption:

Working Assumption

· For the indication of 16-QAM in uplink

· The “Modulation and coding scheme” field in DCI Format N0 is utilized as in legacy for scheduling QPSK.

· One reserved state in the “Modulation and coding scheme” field in DCI Format N0 is utilized to indicate the use of 16QAM.

· The “Repetition number” field in DCI Format N0 is utilized to indicate the TBS indices (i.e., I_TBS indices from 14 to 21) for 16-QAM in UL.

Agreement

For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB.

Confirm working assumption:

Working Assumption

· For downlink power allocation to support 16QAM:

· For standalone and guard-band deployments:

· One power ratio is signalled optionally

· NPDSCH EPRE to NRS EPRE in symbols without NRS

· The same transmit power is assumed across different symbols.

· If the signalling is not indicated, the legacy power allocation is used.

· i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports

· UE specific signalling is used

//skip the RAN2 unrelated part//
Working Assumption 

For downlink power allocation to support 16QAM:

· For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. 

· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled

· the signalling is UE specific

Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.
Conclusion 
The channel quality report is not supported in Msg3 in connected mode in Rel-17.



In RAN1#106b-e meeting, the following agreements have been achieved [8]:
	//skip the RAN2 unrelated part//
Possible Agreement 

For CQI table for downlink 16-QAM, down-select between following options:

Option 1: More than three candidate values for 16-QAM are added in the legacy table.

FFS: Which of the legacy entries are removed

Option 3: More than three candidate values are added in the legacy table, e.g., based on the entries in the eMTC table (CQI Tables in 36.213)

Agreement
Support 16-QAM for NPDSCH in PUR procedure

CSI report is not supported/expected during PUR procedure.

Agreement
To support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
16-QAM can be enabled/disabled by UE specific RRC signaling for NPDSCH and NPUSCH separately

The corresponding configurations and signaling details are up to RAN2

Agreement
The reserved state to indicate the use of 16QAM in DCI format N0 and DCI format N1 should be “1111”.
Agreement
Confirm the following working assumption:
Working Assumption
For downlink power allocation to support 16QAM:
For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. 
            o   the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled
        o   the signalling is UE specific
     Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.
Agreement

For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB/UE specific signaling.

Note: Existing agreement from RAN1#106e is "For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB", which is replaced by the updated agreement above from RAN1#106bis-e.

Possible Agreement
Use the table as a starting point
Reported value

NPDCCH repetition level

16-QAM

noMeasurement

No measurement reporting

No measurement reporting

candidateRep-A

1

N/A

candidateRep-B

2

N/A

candidateRep-C

4

N/A

candidateRep-D

8

N/A

candidateRep-E

16

N/A

candidateRep-F

32

N/A

candidateRep-G

1

QPSK, FFS TBS

candidateRep-H

1

QPSK, FFS TBS

candidateRep-I

1

QPSK, FFS TBS

candidateRep-J

1

QPSK, FFS TBS

candidateRep-K

1

QPSK, FFS TBS

candidateRep-L

1

16-QAM, FFS TBS

candidateRep-M

1

16-QAM, FFS TBS

candidateRep-N

1

16-QAM, FFS TBS

candidateRep-O

1

16-QAM, FFS TBS

FFS: The mechanism to interpret Table 9.1.22.15-1 as per legacy or as per the performed updates to support 16-QAM in DL.

FFS: the switching between the legacy table and the above table when 16QAM is configured

FFS: on the exact number of entries for QPSK and 16-QAM


In RAN2 e-meeting, the following agreements have been achieved:

	RAN2#113bis-e agreements:
· Working assumption: For the UE supporting 16-QAM, the L2 buffer size is 12000 bytes. 

· Working assumption: Support of 16-QAM has separate UE capabilities for DL and UL

RAN2#114-e agreements: None

RAN2#115-e agreements:
· Confirm the working assumption: The support of 16-QAM uses separate UE capabilities for DL and UL.

· 16QAM is configured via dedicated signaling separately for UL and DL.

· A NPUSCH 16QAM activation indication is needed in PUR configuration.


With reference to these agreements, in this contribution, we will further discuss the remaining issues for supporting 16QAM for NB-IoT and give our proposals. 
2. Discussion

2.1. About 16QAM related channel quality reporting
RAN1 has concluded that 16QAM related channel quality reporting is not supported in Msg3 in connected mode in Rel-17. It is not clear whether 16QAM related channel quality reporting is supported in Msg3 in idle mode.
For supporting16QAM related channel quality reporting in Msg3, considering that only three remaining values in CQI-NPDCCH-NB can be used, and no value can be used in CQI-NPDCCH-Short-NB, changes to the specs may be much, e.g:

a) The eNB needs to broadcast a support indication to indicate 16QAM related channel quality reporting in Msg3 is allowed.

b) If only CQI-NPDCCH-NB is used, only three values of 16QAM related channel quality can be reported in Msg3, which is too limited. Or we can consider to introduce larger Msg3 Size for reporting 16QAM related channel quality in Msg3. But this may lead radio resource waste and power consumption for legacy UE. 
As 16QAM related channel quality reporting in Msg3 may have many impacts on RAN2 specification, we have the following proposal:

Proposal 1a: 16QAM related channel quality reporting in Msg3 in idle mode is not supported.

For 16QAM related channel quality reporting in RRC_CONNECTED state, from RAN2 perspective, additional 16 values are enough, and the 4 bits for Quality report in DCQR and AS RAI MAC control element can be reused(See below figure). 
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Figure 6.1.3.19-1: DCQR and AS RAI MAC control element

Proposal 1b: The 4 bits for Quality report in DCQR and AS RAI MAC CE can be reused for 16QAM related channel quality reporting. 
To differentiate whether the legacy CQI-NPDCCH or new 16QAM related channel quality is reported, 1 reserved bit in the DCQR and AS RAI MAC control element can be used as an additional indication. If it’s set to “1”, all the 4 bits of Quality report field is used for the 16QAM related channel quality. 

Proposal 1c: 16QAM related channel quality reporting is supported in RRC_CONNECTED state by using one "R" bit in current DCQR and AS RAI MAC CE to indicate whether the Quality report field is for 16QAM related channel quality value or for the legacy CQI-NPDCCH value. 

Based on the RAN 1 agreement, repetition is not used for 16QAM in uplink and downlink. Thus, we understand reporting the 16QAM channel quality value can implicitly indicate that the CQI-NPDCCH value is 1. Therefore, it is not necessary to report the 16QAM channel quality value and the legacy CQI-NPDCCH value simultaneously. Thus, the legacy Downlink Channel Quality Report Command MAC Control Element can be reused to trigger the 16QAM related channel quality reporting. E.g. upon receiving the Downlink Channel Quality Report Command MAC Control Element, if the CQI-NPDCCH value is larger than 1, the UE reports the CQI-NPDCCH value; if the CQI-NPDCCH value is 1, the UE configured with 16QAM reports the 16QAM related channel quality(e.g. CQI-NPDSCH value) 

Proposal 1d: The legacy Downlink Channel Quality Report Command MAC CE can be reused to trigger the 16QAM related channel quality.

Based on the agreements in RAN1#106b-e meeting and proposal 1a, 16 QAM channel quality will be reported only when the UE is in RRC_CONNECTED.
To deal with the compatibility issue (e.g. to avoid UE report 16 QAM channel quality in legacy cell), UE can report 16 QAM channel quality only when 16QAM is activated in RRC_CONNACTED state.

Proposal 1e: UE can report 16 QAM channel quality only when 16QAM is activated in RRC_CONNACTED state.
2.2. About Total layer 2 buffer sizes for UE supporting npdsch-16QAM
For Total layer 2 buffer sizes calculation for NB-IoT UE, we can assume that:

Total L2 buffer size for Cat NB2 = (maximum downlink TBS * # of RLC PDUs

+ maximum uplink TBS * # of RLC PDUs)/8
Although NB-IoT UE is half duplex UE (e.g. reception and transmission will not be performed simultaneously), the uplink RLC PDU and downlink RLC PDU may arrive at the UE’s L2 buffer simultaneously, for simplicity, we can assume there are the same maximum RLC PDUs in downlink and uplink simultaneously.

Considering for Category NB1, the maximum downlink TBS is 680 bits, the maximum uplink TBS is 1000 bits, and the total layer 2 buffer sizes are 4000 bytes, we can obtain the maximum RLC PDUs allowed simultaneously for downlink and uplink are 19.

Considering for legacy Category NB2, the maximum downlink TBS is 2536 bits, the maximum uplink TBS is 2536 bits, and the total layer 2 buffer sizes are 8000 bytes, we can obtain the maximum RLC PDUs allowed simultaneously for downlink and uplink are 13.

Thus, for UE supporting NPDSCH-16QAM, a median value of RLC PDUs (e.g. 16) can be used to calculate the Total L2 buffer size. Thus, the Total L2 buffer size for Cat NB2 UE supporting NPDSCH-16QAM = (2536 *16+4968 *16)/8 =15008 bytes ≈16000Bytes.

Proposal 2: For Cat NB2 UE supporting NPDSCH-16QAM, the total L2 buffer size uses 16000Bytes. 
3. Conclusions

In this contribution, we make the following proposals:

Proposal 1a: 16QAM related channel quality reporting in Msg3 in idle mode is not supported.

Proposal 1b: The 4 bits for Quality report in DCQR and AS RAI MAC CE can be reused for 16QAM related channel quality reporting.
Proposal 1c: 16QAM related channel quality reporting is supported in RRC_CONNECTED state by using one "R" bit in current DCQR and AS RAI MAC CE to indicate whether the Quality report field is for 16QAM related channel quality value or for the legacy CQI-NPDCCH value. 

Proposal 1d: The legacy Downlink Channel Quality Report Command MAC CE can be reused to trigger the 16QAM related channel quality.
Proposal 1e: UE can report 16 QAM channel quality only when 16QAM is activated in RRC_CONNACTED state.

Proposal 2: For Cat NB2 UE supporting NPDSCH-16QAM, the total L2 buffer size uses 16000Bytes.
Based on the proposals, we provide example text proposals for TS 36.321 and TS 36.306 in the appendix.
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Appendix
Text proposal for TS 36.321

Start of the change

6.1.3.19
Downlink Channel Quality Report and AS RAI MAC Control Element

DCQR and AS RAI MAC control element is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-2. A MAC PDU shall contain at most one DCQR and AS RAI MAC control element.

It has a fixed size and consists of a single octet defined as follows (Figure 6.1.3.19-1):

-
R: Reserved bit, set to "0";
-
Ind: For an NB-IoT UE, the field indicates whether the Quality report bits are used for CQI-NPDCCH-NB as defined in TS 36.331 [8] or CQI-NPDSCH-NB as defined in TS 36.133 [9], If it is set to 1, the 4 bits of Quality report field is used for CQI-NPDSCH-NB. For a BL UE or UE in CE, the field is reserved and set to "0".. 
-
AS RAI: The field corresponds to Access Stratum Release Assistance Indication as shown in Table 6.1.3.19-1. The length of the field is 2 bits;

-
Quality Report: For an NB-IoT UE, the field corresponds to CQI-NPDCCH-NB as defined in TS 36.331 [8] or CQI-NPDSCH-NB as defined in TS 36.133 [9], UE can report CQI-NPDSCH-NB only when 16QAM is activated in RRC_CONNACTED state. For a BL UE or UE in CE, the field corresponds to DL channel quality report as defined in TS 36.133 [9]. The length of the field is 4 bits.
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Figure 6.1.3.19-1: DCQR and AS RAI MAC control element

Table 6.1.3.19-1: Values for AS RAI

	Codepoint/Index
	Value

	00
	No RAI information

	01
	No subsequent DL and UL data transmission is expected

	10
	A single subsequent DL transmission is expected

	11
	Reserved


End of the change

Text proposal for TS 36.306
Start of the first change

4.1C
ue-Category-NB
The field ue-Category-NB defines a combined uplink and downlink capability in NB-IoT. The parameters set by the UE Category are defined in clause 4.2. Tables 4.1C-1 and 4.1C-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category. A UE indicating Category NB2 shall also indicate Category NB1.
Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits

	Category NB1
	680
	680
	2112

	Category NB2 
	2536 for UE not supporting npdsch-16QAM,

4968 for UE supporting npdsch-16QAM 
	2536 for UE not supporting npdsch-16QAM,

4968 for UE supporting npdsch-16QAM
	6400 for UE not supporting npdsch-16QAM,
12800 for UE supporting npdsch-16QAM


Table 4.1C-2: Uplink physical layer parameter values set by the field ue-Category-NB

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI

	Category NB1
	1000
	1000

	Category NB2
	2536
	2536


Table 4.1C-3: Total layer 2 buffer sizes set by the field ue-Category-NB
	UE Category
	Total layer 2 buffer size [bytes]

	Category NB1
	4000

	Category NB2
	8000 for UE not supporting npdsch-16QAM,

16000 for UE supporting npdsch-16QAM


Table 4.1C-5: Half-duplex FDD operation type set by the field ue-Category-NB for a half-duplex FDD capable UE

	UE Category
	Half-duplex FDD operation type

	Category NB1
	Type B

	Category NB2
	Type B


End of the change
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