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Introduction
In the RAN1 104b-e meeting, after long term discussion, a progress has been achieved in TBS table setting for 16QAM, immediately how to indicate 16QAM got an initial discussion and multiple options were left to this meeting. Considering 16QAM indication and CQI feedback are inseparable, in this paper we analyze preferred indication option as well as CQI feedback solution, applicability of PUR and multi-TBs are also mentioned.
Analysis and Discussion
Indication of downlink 16-QAM and CQI feedback
In the RAN1 104b-e meeting, the agreement on options of indication of downlink 16-QAM has been reached, as copied here:
	Agreement
The following options on the indication of downlink 16-QAM can be considered:
· Option 1: MCS field is increased to 5 bits to indicate modulation and TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· Option 2: MCS field is 4 bits to indicate TBS, and repetition field is reduced to 3 bits to indicate the repetition number;
· 1 bit is used to indicate legacy QPSK or 16QAM
· Option 3: MCS field is 4 bits to indicate modulation and TBS
· A reserved state of MCS field indicates use of 16QAM, 
· Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
· Option 4: MCS is 4 bits, 
· If repetition is indicated as one, 16QAM and QPSK can be indicated by MCS field;
· If repetition is indicated larger than one, the legacy QPSK MCS can be indicated by MCS field.
· Option 5: {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
· Note: other options are not precluded.




According the discussion [1], majority prefer the option 3. From the network’s view, Option 3 is simple enough and easily allows dynamically scheduling QPSK even during 16QAM activation. This dynamically scheduling essentially implies a fallback on modulation order and is very important under mobile channel condition. From the UE’s view, based on option 3, the DCI size and bit arrangement are the same as in legacy version, the extra work is to deal with the reserved state of MCS field after successful decoding, and the corresponding processing complexity is negligible. Therefore, option 3 is a better solution. Similarly, the Uplink could take the same solution as Downlink. On the other hand, it’s worth noting that there are 2 reserved states for 4-bits MCS field. One reserved state here has been used to indicate use of 16QAM, the other one could be used for CQI reporting request i.e. achieving CQI L1 reporting solution. The current channel quality reporting is based on MAC CE and MSG3 i.e. L2 solution, this indeed matches the old application scenarios, but the reporting latency is too long for some of mobile scenarios the Release17 mainly aims to. We can clearly find the difference between L2 solution and L1 solution from Figure 1, i.e. the latency comparison is 40 ms VS 16 ms. 
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Figure 1. Channel quality feedback Latency comparison between L2 solution and L1 solution
As we know, the WID [2] has agreed on the CQI feedback mechanism should base on the framework of Release14-16. The motivation of this decision is to try to simplify the design and keep backward compatibility. Regarding the simplicity, if we utilize reserved state of MCS field in DCI, it only needs to define a CQI table and corresponding procedure will simply like e-MTC. Although this seems to introduce a UCI on NPUSCH, it actually doesn’t involve any change from architecture’s view. Regarding the compatibility, the L1 CQI reporting are considered to associate to 16QAM capability, it only takes effect based on the dedicated configuration of Release 17. It’s transparent to UEs without 16QAM capability.
Based on above analysis, we propose:
Proposal 1: MCS field is 4 bits to indicate modulation and TBS
· A reserved state of MCS field indicates use of 16QAM, 
· Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.

Proposal 2: Make a decision on whether to introduce L1 CQI reporting solution.
Applicability of 16QAM for PUR and multi-TB scheduling
[bookmark: _Toc23506461]In the RAN1 104b-e meeting, some initial discussions on PUR and multi-TB also have been presented, the conclusion is copied here: 
	For future meeting:
· Additional power control parameter for 16-QAM (e.g. similar to ΔTF)
· Applicability of 16QAM for PUR and multi-TB scheduling




One of the motivations of PUR is to save the power by simplifying data transmission procedure. Actually 16QAM can effectively shorten the data transmission time due to less RU with same TBS compared with QPSK. Therefore, PUR with 16QAM is not only beneficial to power savings but also to efficient resource utilization. Therefore, it is worth introducing 16QAM to PUR. Regarding the implementation aspects, to facilitate scheduling 16QAM for PUR, UE could report CQI in PURConfigurationRequest. Upon receiving the PUR configuration, UE can enter into PUR activation state. Considering the DCI format N0 scrambled by PUR-RNTI has much more spare bits, all the sub-procedures such as retransmission, dynamic scheduling between 16QAM and QPSK etc. can be solved by redefining the spare bits. The implementation details are FFS.
Proposal 3：16 QAM is supported for PUR.
Let’s see what’s happens in multi-TB. Even though multi-TB can support 16QAM to achieve higher data rate than QPSK, considering 2 HARQ can also support 16QAM, from view of increasing data rate, multi-TB has negligible advantage compared to 2HARQ with 16QAM, thus this isn’t main reason to support 16QAM .we can find out it from following scheduling table.
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However, from above scheduling table, we can find that UE only needs to do one DCI decoding under multi-TB scheduling, this is beneficial to UE’s power saving. Therefore, we slightly prefer multi-TB should support 16QAM. 
Proposal 4：16 QAM is supported for multi-TB.
Conclusions
We have following proposals:
Proposal 1: MCS field is 4 bits to indicate modulation and TBS
· A reserved state of MCS field indicates use of 16QAM, 
· Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.

Proposal 2: Make a decision on whether to introduce L1 CQI reporting solution.
Proposal 3: 16 QAM is supported for PUR.
Proposal 4: 16 QAM is supported for multi-TB.
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