Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 Meeting #108-e	R1- 2202076
e-Meeting, February 21st – March 3rd, 2022
Agenda Item:	8.9.1
Source:	Mediatek
Title:	Remaining issue for support 16QAM in NB-IOT R17
[bookmark: _Hlk4088690]Document for:	Discussion and Decision
Introduction
In the RAN1 107-e meeting, most aspects of 16QAM have make progress, there are still two critical issues left to be further decided. One is switching of CQI table issue and the other one is whether the new term  applies to QPSK when configured with 16QAM. Here we propose some analyses for progress.
Analysis and Decision
[bookmark: _Toc23506461]In the RAN1 107-e meeting, there is still no consensus on switching of CQI table issue, the last turn discussion is based on following proposal which can be found in [1]:
	Proposal 3: When 16QAM is configured, the new CQI table is used. FFS on use of legacy measurement reporting down selected from following options:
· Option 1: UE indicates the use of legacy or new CQI table via MAC CE.
· Option 2: eNB indicates the use of legacy or new CQI table via MAC CE.
· Option 3: eNB configures the use of legacy or new CQI table via RRC configuration
· Option 4: if Rmax<=16, the new CQI table is used, otherwise, the legacy CQI table is used.


The proponents for each option are summarized in following table which also can be found in [1], it’s so dispersed that it’s difficult to have consensus. Further analysis is needed to narrow down the range of options.
	The discussion of each option is reserved for further reference. And the situation is as following:
· Option 1: UE indicates the use of legacy or new CQI table via MAC CE.
· Huawei, HiSilicon, MTK (1st), ZTE, Sanechips, 
· Option 2: eNB indicates the use of legacy or new CQI table via MAC CE.
· Ericsson (2nd), Lenovo, Moto (2nd), MTK(2nd)
· Option 3: eNB configures the use of legacy or new CQI table via RRC configuration
· Lenovo, Moto (2nd), Nokia, NSB
· Option 4: if Rmax<=16, the new CQI table is used, otherwise, the legacy CQI table is used.
· Ericsson (1st), Lenovo, Moto (1st), 
· The legacy CQI table is not needed.
· QC



As we know, in order to make 16QAM enabled UE easily to switch between QPSK and 16QAM, the new CQI table has final version as Table 1 which also includes 6 QPSK indices [2]. Even though, the legacy CQI table and new CQI table still cover different channel quality range, this makes it’s not avoidable to switch CQI table sometimes.
Table 1. Agreed New CQI table for 16QAM
	Reported value
	NPDCCH repetition level
	NPDSCH transport block
 error probability not exceeding 0.1

	
	
	Modulation
	Code rate x 1024
	Repetition
	Efficiency

	noMeasurement
	No measurement reporting
	Out of range

	candidateRep-A
	1
	QPSK 
	221
	1
	0.4316

	candidateRep-B
	2
	QPSK 
	280
	1
	0.2737

	candidateRep-C
	4
	QPSK 
	81
	1
	0.1579

	candidateRep-D
	8
	QPSK 
	81
	2
	0.0789

	candidateRep-E
	16
	QPSK 
	81
	4
	0.0395

	candidateRep-F
	32
	QPSK 
	81
	8
	0.0198

	candidateRep-G
	1
	QPSK 
	336.8
	1
	0.6579

	candidateRep-H
	1
	QPSK 
	453.6
	1
	0.8860

	candidateRep-I
	1
	QPSK 
	579.4
	1
	1.1316

	candidateRep-J
	1
	QPSK 
	759
	1
	1.4825

	candidateRep-K
	1
	16QAM
	487.3
	1
	1.9035

	candidateRep-L
	1
	16QAM 
	541.2
	1
	2.1140

	candidateRep-M
	1
	16QAM 
	658
	1
	2.5702

	candidateRep-N
	1
	16QAM 
	783.7
	1
	3.0614

	candidateRep-O
	1
	16QAM 
	837.6
	1
	3.2719



Since the CQI table is associated to downlink channel quality, which is firstly known to UE other than eNB, CQI table selection should primarily be decided by UE. Option1 complies to this principle and is one way procedure which doesn’t involved any forward indication from eNB, thus both resource occupation and reporting latency are lowest. Furthermore, when downlink channel quality change enough to overflow from one CQI table, option1 can immediately switch CQI table without any signaling. In summary, option 1 is the most reasonable and efficient one in terms of accuracy/ latency /flexibility. Both option1 and option2 are MAC CE solution which consists of one MAC CE command pair. From the signaling resource occupation perspective, option1 and option2 are same. Even so, option2 still has one drawback. That is when eNB sends a MAC CE with a CQI table indication to request CQI, the CQI table selection criteria only can refer to old channel quality which might be reported by UE in Msg3 or sometime in past. This lag may make the indicated CQI table unmatched to UE’s instant CQI, this is something trouble. For example, UE reported candidateRep-E(16 repetition) in Msg3, eNB may send a MAC CE to request CQI with new CQI table and this is very rational according to Table 1. When UE received the MAC CE command, the measured CQI might has changed into 64 repetitions, then UE has to report no measurement (out of range) which will trigger another CQI request procedure. Option3 is RRC signaling procedure which has the same drawback as option2 and even worse than option2 because RRC signaling has larger latency than MAC CE. Option4 is a specific form of option3. Thus, option1 is the optimal one and considering most NB-IOT application has the low possibility to encounter large CQI variation, option2 can also work well. So, we have following proposal.
Proposal 1: switching of CQI table should down selected from following two options.
· Option 1: UE indicates the use of legacy or new CQI table via MAC CE.
· Option 2: eNB indicates the use of legacy or new CQI table via MAC CE.

Regarding the  aspect, the discussion stopped at down-selecting from following two options [1]:
	
· Option 1: The term  can also be applied to NPUSCH with QPSK, when 16-QAM is configured.
· Option 2: An offset to  is configured from a set of {[1dB], [2dB], [4dB], [6dB]}, when 16-QAM is configured.
· 


For option1, the performance of QPSK in 16QAM capable UE will be different from QPSK in legacy NB-IOT UE i.e., some indexes will have better performance and the other indexes have worse performance, this can be seen in section 2.1.1 in [1]. If network can treat the 16QAM capable UE as completely different NB-IOT UE relative to legacy NB-IOT UE and doesn’t schedule them with same criteria, this will not be a big issue. For option2, due to the introduction of offset, the 16QAM real TX power decreases dramatically by 6.5dB, this leads to a weak 16QAM compared to that in LTE, this violates original intention of introducing 16QAM for NB-IOT. And for the 16QAM configured UE, the focus is 16QAM other than QPSK, ensuring the 16QAM performance is import than ensuring QPSK. So, we have proposal2.
Proposal 2: The new term   should apply to both 16QAM and QPSK, no offset needed.
Conclusions
We have following two proposals:
Proposal 1: switching of CQI table should down selected from following two options.
· Option 1: UE indicates the use of legacy or new CQI table via MAC CE.
· Option 2: eNB indicates the use of legacy or new CQI table via MAC CE.

Proposal 2: The new term   should apply to both 16QAM and QPSK, no offset needed.
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