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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#105-e meeting, the following agreements have been achieved [3]:

	Agreement

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

· FFS on support in Msg3 in connected mode

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


In RAN1#106-e meeting, the following agreements have been achieved [4]:

	Conclusion 
The channel quality report is not supported in Msg3 in connected mode in Rel-17.


In RAN1#107-e meeting, the following agreements have been achieved [5]:

	Agreement:

The following working assumption is confirmed with following modification

· The table is endorsed.
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In RAN2 e-meeting[6], 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.

· Max DL TBS of 1736 bits can be supported for PUR. 

· FFS EDT support.

RAN2#116-e agreements:

· For CQI reporting, wait for RAN1/RAN4 progress.
· No change to existing L2 buffer requirements for supporting 1736bits TBS for eMTC.

· Confirm the working assumption of 12000 bytes for DL 16QAM for NB-IoT.


With reference to these agreements, in this contribution, we will further discuss the remaining FFSs for supporting 16QAM for NB-IoT and 1736bits TBS for eMTC 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.

Considering that only three remaining values in CQI-NPDCCH-NB can be used and no value can be used in CQI-NPDCCH-Short-NB, if we want to support 16QAM related channel quality reporting in Msg3 in idle, 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, based on current RAN1 agreement, another new table with 16 values may be defined for UE to report 16QAM quality report. Furthermore, in order that network can differentiate report based on the new table and legacy table, a new LCID may need to be defined.

c) A short new table may need to be defined for RRC reestablishment request message.
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 report in Msg3 in idle mode is not supported.

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 NPDCCH repetition number 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, the UE can report channel quality based on either the legacy CQI table or the new CQI table.

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

Since the legacy CQI-NPDCCH table has more NPDCCH repetition number, if NPDCCH repetition number is larger than 32, it is suitable that UE uses the legacy CQI-NPDCCH table to report the CQI-NPDCCH. Otherwise, UE can use the new CQI table to report the (16QAM) CQI-NPDCCH. Since both table may be used by the UE, one reserved bit in the DCQR and AS RAI MAC control element can be used to indicate which table is used. If the reserved bit is set to 1, that means the new table is used, otherwise, the legacy table is used.  
Proposal 1c: When 16QAM is configured, one reserved bit in the DCQR and AS RAI MAC control element is used to indicate which CQI table is used for quality report. 

2.2. About supporting maximum DL TBS of 1736 bits with other features
In RAN1#104 e-meeting, it is RAN1 assumption that 1736 DL TBS feature is compatible with all other eMTC features applicable for HD-FDD Cat. M1 UEs in CE mode A. 

And in RAN1#105 e-meeting, whether DL TBS of 1736 bits can be supported with multi-TB or can be supported in SC-PTM has been further discussed. Most companies think that it can follow the assumption in RAN1#104-e meeting and nothing needs to be captured in the chairman’s notes. That means, from RAN1 perspective, DL TBS of 1736 bits can be supported with multi-TB and can be supported in SC-PTM.

Considering that DL TBS of 1736 bits and multi-TB scheduling can be jointly used to enhance DL transmission efficiency, from RAN2 perspective, we also agree DL TBS of 1736 bits could be supported in multi-TB scheduling and no RAN2 specification impacts have been identified.

Proposal 2: RAN2 confirm that DL TBS of 1736 bits can be supported in multi-TB scheduling.

In RAN1 106bis-e, it has agreed to support of 1736 bits max DL TBS for unicast in HD-FDD in CE mode A in RRC_CONNECTED. There were also some discussion on whether DL TBS of 1736 bits can be supported in SC-PTM or EDT, but no agreement has been achieved. In the following, we discuss this issue from RAN2 perspective.

In Rel-14 multicast downlink transmission, SC-MCCH and SC-MTCH are transmitted in PDSCH. If 1736 bits is to be supported for SC-PTM, considering that SC-MCCH and SC-MTCH are received by multiple UEs and eNB cannot obtain all the UE’s capabilities before sending SC-MCCH and SC-MTCH, eNB should simultaneously provide SC-PTM transmission without DL TBS of 1736 bits for legacy UEs and SC-PTM transmission with DL TBS of 1736 bits for UEs supporting DL TBS of 1736 bits feature. The required DL radio resource will be doubled and the RAN2 specification will be impacted much. Therefore, from RAN2 perspective, we suggest not to support DL TBS of 1736 bits in SC-PTM.

Proposal 3a: DL TBS of 1736 bits is not supported in SC-PTM.

RAN2 has agreed that Max DL TBS of 1736 bits can be supported for PUR. Whether it can be supported for EDT is still FFS.

RAN2 has agreed that Max DL TBS of 1736 bits would be configured by dedicated RRC signaling, but there is no suitable dedicated RRC signaling for configuring Max DL TBS of 1736 bits during EDT procedure. The possible way may be to make use of SIB as indicated in the following steps:

· Cell specific indication of supporting Max DL TBS of 1736 bits for EDT is sent in SIB. Upon receiving the indication, the UE supporting Max DL TBS of 1736 bits can always use Max DL TBS of 1736 bits in EDT.

· eNB obtains the UE capability for Max DL TBS of 1736 bits before Msg4 (e.g by preamble partitioning or by S1AP/NGAP signaling from CN, which is not supported for eMTC now). After obtaining the UE capability, eNB can directly schedule EDT Msg4 with Max DL TBS of 1736 bits.

It’s easy to understand, the above solution is inefficient and not easy to be specified. Furthermore, as EDT is mainly used for small data transmission, there is not much gain to support Max DL TBS of 1736 bits during EDT procedure. So we propose not to support DL TBS of 1736 bits for EDT.

Proposal 3b: DL TBS of 1736 bits is not supported in EDT.

3. Conclusions

In this contribution, we make the following proposals:

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

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

Proposal 1c: When 16QAM is configured, one reserved bit in the DCQR and AS RAI MAC control element is used to indicate which CQI table is used for quality report. 

Proposal 2: RAN2 confirm that DL TBS of 1736 bits can be supported in multi-TB scheduling.

Proposal 3a: DL TBS of 1736 bits is not supported in SC-PTM.

Proposal 3b: DL TBS of 1736 bits is not supported in EDT.
Based on the proposals, we provide example text proposals for TS 36.321 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 and 6.1.3.19-1a):

-
R: Reserved bit, set to "0";
-
Ind: indicates whether the CQI-NPDCCH-NB as defined in TS 36.331 is used or <FFS> table as defined in TS 36.133 [9] is used. If the Ind field is set to "1",  <FFS> table as defined in TS 36.133 [9] is used; otherwise, the CQI-NPDCCH-NB as defined in TS 36.331 is used.
-
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 corresponds to the <FFS> table as defined in TS 36.133 [9]. 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
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Figure 6.1.3.19-1a: DCQR and AS RAI MAC control element if 16QAM is activated
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
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