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1 Introduction
New Rel-17 work item on additional enhancements for NB-IoT and eMTC was approved at RAN#86-e and revised at RAN#88-e [1]. One of the objectives in the WID is to specify 16-QAM for NB-IoT:
· 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] 

According to the WID description, for 16-QAM in NB-IoT, the maximum TBS for UL is not increased but it will be increased for DL. In the previous RAN1 meetings, the following agreements and working assumptions on the maximum TBS for DL were made [2]:

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

· 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.


In this contribution, we focus on the impact on L2 soft buffer size and applicability for PUR/EDT.
2 Discussion
2.1 L2 buffer size

In Rel-13, the L2 buffer size for Cat. NB1 is 4000 bytes, which was determined considering single HARQ operation and the expected traffic model as bellow [3], [4]:

L2 buffer size =   maximum downlink data rate (1000 bits) * # of RLC PDUs 
+ maximum uplink data rate (1000 bits) * # of RLC PDUs,

assuming # of RLC PDUs is 16.

In Rel-14, compared to Cat. NB1, the maximum TBS for Cat. NB2 was extended for both UL and DL, and the L2 buffer size was extended accordingly:

	
	Category NB1
	Category NB2
	Extended

	Maximum TBS for UL (bits)
	1000
	2536
	2536/1000=2.536

	Maximum TBS for DL (bits)
	680
	2536
	2536/680=3.73

	L2 buffer size (bytes)
	4000
	8000
	8000/4000=2


According to above table, the maximum TBS of Cat. NB2 is 2.536 times for UL and 3.73 times for DL as large as the maximum TBS of Cat. NB1. But the L2 buffer size is only doubled. The reason is to keep the L2 buffer size as low as possible to avoid big impact on the memory of the UE. The discussion can be found in email discussion [97#35] on 36.306 running CR.
For Rel-17 16-QAM, according to the WID description, the maximum TBS for UL will not be changed. For DL, RAN1 has agreed to extend the maximum TBS to 4968 bits (for standalone and guard-band deployments). Since only the DL TBS is doubled compared to Cat. NB2, following the same principle as we did for Cat. NB2 (keep the L2 buffer size as low as possible), we think the L2 buffer size should not be larger than 8000 bytes * 1.5 = 12000 bytes.
Proposal 1: For the UE supporting 16-QAM, the L2 buffer size is 12000 bytes. 

2.2 Applicability to PUR/EDT
According to RAN1 agreements, for both UL and DL, it is FFS whether 16-QAM is applicable for PUR or EDT.
For PUR, as dedicated configuration based on UE capability is used, it is feasible from RAN2 perspective to support 16-QAM for PUR.

For EDT, in both MO-EDT and MT-EDT, there is only CSS common for all UEs. Thus, 16-QAM cannot be supported unless further NPRACH partitioning is introduced to let the eNB know 16-QAM capable UE and schedule Msg4 properly. On the other hand, the motivation to introduce 16-QAM is to increase peak data rate for NB-IoT UEs. Considering that EDT is for one shot transmission, we do not see the need to support 16-QAM for EDT. Thus, it is proposed not to support 16-QAM for EDT.
Proposal 2: 16-QAM is not applicable for EDT. 

3 Conclusion

This paper focused on the L2 buffers size of the UE supporting 16-QAM and applicability to EDT/PUR. Corresponding proposals are:
Proposal 1: For the UE supporting 16-QAM, the L2 buffer size is 12000 bytes. 

Proposal 2: 16-QAM is not applicable for EDT. 
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