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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
The WID for Rel-17 enhancements for NB-IoT and LTE-MTC [1] includes an objective to support 16-QAM for unicast in UL and DL in 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] 
This documents provides the proposals and summary of discussions of the following email discussion according to the inputs [2-10]
[105-e-LTE-Rel17_NB_IoT_eMTC-01] Email discussion on support of 16-QAM for unicast in UL and DL for NB-IoT – Yubo (Huawei)
1. 1st check point: May 24
1. 2nd check point: May 27

Issues

Applicability
Issue 1: Applicability
The following are proposed:
	Sourcing
	proposals

	[2]
	Proposal 3: 16-QAM is supported for PUR.
Proposal 4: 16-QAM is supported for multi-TB scheduling.

	[3]
	Proposal 11: 16-QAM can be supported for PUR.


	[4]
	Proposal 4: 16QAM is not supported for UL and DL transmission in PUR procedure.
Proposal 5: 16QAM can be supported for UL and DL transmission in multi-TB scheduling.


	[5]
	Proposal 1: Do not support DL 16-QAM during PUR procedure.
Proposal 2: Support DL 16-QAM for multi-TB scheduling.
Proposal 7: Support UL 16-QAM during PUR procedure. Include the corresponding configuration flag in PUR-Config.


	[6]
	Proposal 3：16 QAM is supported for PUR.
Proposal 4：16 QAM is supported for multi-TB.


	[7]
	Proposal 6: Do not support 16QAM for PUR and support 16QAM for MTB.

	[8]
	[bookmark: _Toc71635384]Observation 10 16-QAM for PUR will only be suitable for Dedicated-PUR since Shared-PUR operates in a low-SNR region.
[bookmark: _Toc71635385]Observation 11 The radio conditions may drastically change from the time the UE gets the PUR configuration indicating the use of 16-QAM till the UE is in idle-mode and the PUR transmission opportunity arrives.
[bookmark: _Toc71635386]Observation 12 16-QAM for PUR seems to be only suitable if there is some sort of knowledge at the eNodeB that can guarantee the that conditions to use 16-QAM will remain suitable long-term (e.g., guaranteed stationary UEs close to the eNodeB). To leave the door open to those possible cases, it will be ok that 16-QAM can be optionally applicable to dedicated PUR.
[bookmark: _Toc71635418]Proposal 11 16-QAM in UL supports Dedicated-PUR which can be enabled/disabled.
[bookmark: _Toc71635419]Proposal 12 16-QAM in DL supports multi-TB scheduling which can be enabled/disabled.




For the DL PUR transmission, five companies (Huawei, HiSilicon, Nokia, NSB, MTK) propose to support 16-QAM for PUR related transmission in downlink, and four companies (ZTE, QC, Lenovo, Moto) propose to not support 16-qAM for PUR related transmission in downlink.
For UL PUR transmission, companies (Huawei, HiSilicon, Nokia, NSB, QC, MTK, Ericsson (dedicated-PUR)) propose to support 16-QAM for PUR transmission in uplink, and companies (ZTE, Lenovo, Moto) propose to not support 16-QAM for PUR transmission in uplink.
Therefore, the following is proposed:
Proposal 1: Support 16-QAM for NPUSCH in PUR procedure.
· FFS on support of 16-QAM for NPDSCH in PUR procedure.
For multi-TB scheduling, most companies (Huawei, HiSilicon, ZTE, QC, MTK, Lenovo, Moto, Ericsson (downlink)) propose to support 16-QAM. Based on the majority view, the following is proposed:
Proposal 2: Support 16-QAM for multi-TB scheduling.
Please input your comments for the above proposals:
	Companies
	Comments

	Lenovo, MotoM
	For proposal 1, we don’t have strong view on support 16QAM or not. I want to clarify how eNB configures suitable MCS in idle mode without CSI reporting. The 16QAM MCS is more sensitive than legacy QPSK.
For proposal 2, we support it.

	Qualcomm
	Agree with proposal 1 and proposal 2.

	Huawei, HiSilicon
	Fine with two proposals.

	Ericsson
	Proposal 1 is ok, just need prepend “Dedicated” in Dedicated-PUR procedure.
Proposal 2 is ok.

	MTK
	We are ok with 2 proposals	

	ZTE, Sanechips
	Proposal 2 is fine with us.
Regarding proposal 1, support of NPUSCH in PUR procedure is not preferred for us, since the channel state measured by eNB may be not on time.
Additionally, if a new term for uplink power control is adopted, it may also be used for PUR to support 16QAM, which may bring unexpected specification impacts. Before this, the conclusion is a little bit earlier.

	Nokia, NSB
	We are fine with both proposals



DCI
Issue 2: DCI design
There are following proposals on power allocation
	Sourcing
	proposals

	[2]
	Proposal 1: Confirm the working assumption that the DCI size is not increased to support 16-QAM in uplink and downlink.
Proposal 2: Support Option 3 for the indication of DL 16-QAM.

	[3]
	Proposal 1: Confirm the working assumption that the DCI size is not increased for 16-QAM support.
Proposal 2: When UE is configured with 16-QAM, the DCI should support all existing MCS and repetition combinations.
Proposal 3: For DCI design, Option 3 is preferred - a reserved state of MCS field indicates use of 16-QAM, and repetition field indicates 16-QAM MCS if 16-QAM is indicated to be used. 

	[4]
	Observation 1: Large number of repetitions will not be applied for NPDSCH or NPUSCH since 16QAM is enabled in high SNR scenarios.
Proposal 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 of QPSK modulation in DCI format N0/N1.

	[5]
	For DL: 
Proposal 3: Confirm the working assumption: The DCI size is not increased to support 16-QAM in downlink.
Proposal 4: For MCS/repetition indication in DCI for DL 16-QAM:
	- {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
NOTE: a particular implementation of this method is Option 3.

For UL:
Proposal 8: Enabling UL 16-QAM does not change the DCI size.
Proposal 9: Confirm the working assumption: The DCI size is not increased to support 16-QAM in uplink.
Proposal 10: For MCS/repetition indication in DCI for UL 16-QAM:
	- {repetition, MCS} are indicated by 8 bits (a combination of the MCS field and repetition field)
NOTE: a particular implementation of this method is Option 3. Note that, for Option 3, the “reserved MCS value” cannot be “14” if UL 16-QAM is supported for PUR, since this value is use for PUR ACK.



	[6]
	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.


	[7]
	Proposal 1: Confirm the work assumption that the DCI size is not increased to support 16-QAM in uplink and downlink
Proposal 2: For the DCI format N1 optimization, Option 3 of  joint coding of MCS and repetition number field can be considered.
Proposal 5: For the DCI format N0 optimization, the joint coding of MCS, repetition number and/or resource assignment field can be considered.

	[8]
	[bookmark: _Toc71635387]Proposal 1 For the support of 16-QAM in downlink, the DCI design is based on:
[bookmark: _Toc71635388]Option 3: MCS field is 4 bits to indicate modulation and TBS
[bookmark: _Toc71635389]o	A reserved state of MCS field indicates the use of 16QAM, 
[bookmark: _Toc71635390]o	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
[bookmark: _Toc71635391]Proposal 2 In DCI format N1:
· [bookmark: _Toc71635392]In the “Modulation and coding scheme” field, one of the two available reserved states (i.e., “1110” or “1111”) is used to indicate the use of 16-QAM in DL.
· [bookmark: _Toc71635393]If the use of 16-QAM in DL has been indicated, in the “Repetition number” field, 3 bits are used to indicate the ITBS indices for 16-QAM in DL as follows:
· [bookmark: _Toc71635394]If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “stand-alone or guard-band deployment” then the 3-bits refer to I_TBS indices spanning from index 14 to 21.
· [bookmark: _Toc71635395]If the information “in MIB-NB mapped to NPBCH for anchor carriers” or “in DL-CarrierConfigDedicated-NB/SIB22-NB for non-anchor carriers” indicates “in-band deployment” then the 3-bits refer to I_TBS indices spanning from index 11 to 17.
[bookmark: _Toc71635396]Proposal 3 Confirm the Working Assumption on “The DCI size is not increased to support 16-QAM in uplink and downlink”.

[bookmark: _Toc71635409]Proposal 8 For the support of 16-QAM in uplink, the DCI design is based on:
[bookmark: _Toc71635410]Option 3: MCS field is 4 bits to indicate modulation and TBS
[bookmark: _Toc71635411]o	A reserved state of MCS field indicates use of 16QAM, 
[bookmark: _Toc71635412]o	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
[bookmark: _Toc71635413]Proposal 9 In DCI format N0:
· [bookmark: _Toc71635414]In the “Modulation and coding scheme” field, the reserved state “1111” is used to indicate the use of 16-QAM in UL.
· [bookmark: _Toc71635415]If the use of 16-QAM in UL has been indicated, in the “Repetition number” field, the 3 bits are used to indicate the TBS indices for 16-QAM in UL spanning from index 14 to 21.





On the working assumption on DCI size in last meeting, most companies (Huawei, HiSilicon, Nokia, NSB, QC, Lenovo, Moto, Ericsson) propose to confirm it. Therefore, the following is proposed:
Proposal 3: Confirm the working assumption.
Working Assumption
The DCI size is not increased to support 16-QAM in uplink and downlink.
On the options for the indication of downlink 16-QAM, most companies (Huawei, HiSilicon, Nokia, NSB, QC, MTK, Lenovo, Moto, Ericsson) propose to support option 3, one company (ZTE) propose to support option 1, and one company (QC) also propose to support option 5 and considers option 3 as an implementation of option 5. Therefore, the following is proposed:
Proposal 4: On the indication of downlink 16-QAM, 
-	MCS field is 4 bits to indicate modulation and TBS for QPSK,
-	A reserved state of MCS field indicates use of 16QAM, 
-	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.
For the indication of uplink 16-QAM, companies (Nokia, NSB, QC, MTK, Ericsson) propose to support option 3 of downlink indication, one company (ZTE) propose to support option 1 of downlink indication, one company (QC) also propose to support option 5 and considers option 3 as an implementation of option 5, and companies (Lenovo, Moto) propose to support joint indication of MCS, repetition and resource assignment field. Based on the majority view, the following is proposed:
Proposal 5: On the indication of uplink 16-QAM, 
-	MCS field is 4 bits to indicate modulation and TBS for QPSK,
-	A reserved state of MCS field indicates use of 16QAM, 
-	Repetition field indicates 16QAM MCS if 16QAM is indicated to be used.

Please input your comments for the above proposals:
	Companies
	Comments

	Lenovo, MotoM
	We support proposal 3 4 5 in general
For proposal 4 and 5, can we clarify “MCS” in the last bullet should be “TBS”?
Repetition field indicates 16QAM MCS TBS if 16QAM is indicated to be used.

	Qualcomm
	We are OK with Proposal 3.
For Proposal 4 and 5, we can be OK, but we would like to clarify what “16-QAM MCS” means:
Proposal 4 says “reserved state of MCS field indicates use of 16-QAM”. Does this refer to the new TBS entries (14 to 21)? The question is, for inband deployment, the agreement is to use TBS entries between 11 and 17 for 16-QAM. How would we signal (let’s say) TBS 12, which is a legacy TBS that is now used for 16-QAM?
- Alt1: Indicate MCS = 12.
- Alt2: Indicate MCS = <reserved> repetition number indicates I_TBS = 12
For standalone and guardband it is clear, since legacy TBS entries are still QPSK.

	Huawei, HiSilicon
	We are generally fine with 3 proposals. For questions raised by QC, we think it is Alt2 since 4 bit MCS can not indicate entries larger than 15 for inband TBS entries e.g. 16 and 17. We suggest following changes below trying to make it more clear.
Proposal 4: On the indication of downlink 16-QAM, 
-	MCS field is 4 bits to indicate modulation and TBS for QPSK,
-	A reserved state of MCS field only indicates use of 16QAM, 
-	Repetition field indicates 16QAM MCS entries if 16QAM is indicated to be used.

	Ericsson
	Proposal 3 is ok.
Proposal 4 although the intention is ok the way it was worded is confusing (even the name of the DCI fields are different). We suggest the following wording for clarity.
	For the indication of 16-QAM in downlink:
-	The “Modulation and coding scheme” field in DCI Format N1 is utilized as in legacy for scheduling QPSK.
-	One reserved state in the “Modulation and coding scheme” field in DCI Format N1 is utilized to indicate the use of 16QAM.
-	The “Repetition number” field in DCI Format N1 is utilized to indicate the TBS indices for 16-QAM in DL.
-	FFS: The manner of distinguishing the different ranges of TBS indices for “Stand-alone/Guard-band” (i.e., I_TBS indices from 14 to 21) and “In-band” (i.e., I_TBS indices from 11 to 17) deployments.




Proposal 5 also needs to be reworded for clarity, here is a suggestion in line with what was done for proposal 4.
	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.






	MTK
	Proposal 3,4,5 is ok and we are fine with revision from Ericsson. As UE knows the operation mode of each carrier, we may set two MCS tables for SA/GB and IB respectively.

	ZTE, Sanechips
	We are OK with proposal 3.
For proposal 4, we share the similar view with Lenovo that the TBS can be used. And we are general fine with the revision from Ericsson with a modification as following:
	For the indication of 16-QAM in downlink:
-	The “Modulation and coding scheme” field in DCI Format N1 is utilized as in legacy for scheduling QPSK.
-	One reserved state in the “Modulation and coding scheme” field in DCI Format N1 is utilized to indicate the use of 16QAM.
-	The “Repetition number” field in DCI Format N1 is utilized to indicate the TBS indices for 16-QAM in DL when that reserved stated in MCS field is indicated.
-	FFS: The manner of distinguishing the different ranges of TBS indices for “Stand-alone/Guard-band” (i.e., I_TBS indices from 14 to 21) and “In-band” (i.e., I_TBS indices from 11 to 17) deployments.



For proposal 5, we think the agreement about the indication of 16-QAM in last meeting is for downlink. For uplink, we do not have any discussion. Therefore, it is possible to have more methods for uplink due to different fields in downlink and uplink DCI format.

	Nokia, NSB
	We are OK with proposal 3.
For proposals 4 &5, we are fine in principle but agree that some wording revisions are beneficial. Here, we are fine with the revisions from Ericsson.

	FL proposal
	The proposal 4 and 5 are updated as below according to the comments:
Proposal 4: For the indication of 16-QAM in downlink:
-	The “Modulation and coding scheme” field in DCI Format N1 is utilized as in legacy for scheduling QPSK.
-	One reserved state in the “Modulation and coding scheme” field in DCI Format N1 is utilized to indicate the use of 16QAM.
-	The “Repetition number” field in DCI Format N1 is utilized to indicate the TBS indices for 16-QAM in DL when that reserved stated in MCS field is indicated.
-	FFS: The manner of distinguishing the different ranges of TBS indices for “Stand-alone/Guard-band” (i.e., I_TBS indices from 14 to 21) and “In-band” (i.e., I_TBS indices from 11 to 17) deployments.

Proposal 5: 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.






Power allocation and power control
Issue 3: downlink power allocation
There are following proposals on power allocation
	Sourcing
	proposals

	[2]
	Proposal 5: Support option 1 for guard-band and standalone deployments as the DL power allocation signaling method.

	[3]
	Proposal 8: Reuse the existing parameter nrs-CRS-PowerOffset to indicate the power ratio of NRS EPRE to CRS EPRE in in-band deployment.
Proposal 9: The total transmit power across OFDM symbols should be constant. 
Proposal 10: The power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS () is explicitly signaled (Option 2). The parameter is UE-specific. The other two power ratio values can be determined by the UE. 

	[4]
	Observation 2: One configurable power ratio has lower complexity than two power ratios for UE-specific downlink power allocation.
Proposal 2: The same transmit power of different OFDM symbols is assumed for DL power allocation (Option 2).
[bookmark: OLE_LINK5]Proposal 3: For in-band deployment, the ratio of NRS EPRE to CRS EPRE can be given by nrs-CRS-PowerOffset for both same PCI and different PCI.


	[5]
	Proposal 5: For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· Option 3: the power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS is signaled, and the UE calculates the power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS assuming the same transmit power of different symbols.
· For in-band deployments, the power ratio of NRS EPRE to CRS EPRE is signaled in addition to the signaling for standalone and guard-band deployments:
· For the case of in-band same PCI, legacy parameter nrs-CRS-PowerOffset is used.
· For the case of in-band different PCI, a new parameter is introduced.
Proposal 6: The signaling related to downlink power allocation to support 16-QAM is UE-specific.

	[7]
	Proposal 4: Network should semi-statically configure NPDSCH EPRE as option 3 with assuming all the OFDM symbols with same transmission power.


	[8]
	[bookmark: _Toc71635398]Proposal 5 For the 16-QAM downlink power allocation, in case of “standalone and guard-band deployments” the following option is used:
· [bookmark: _Toc71635399]Option 1: Two power ratios are signaled
· [bookmark: _Toc71635400]NPDSCH EPRE to NRS EPRE in symbols with NRS
· [bookmark: _Toc71635401][bookmark: _Hlk71205306]NPDSCH EPRE to NRS EPRE in symbols without NRS
· [bookmark: _Toc71635402]If the signaling(s) is(are) not indicated, the legacy power allocation is used.
· [bookmark: _Toc71635403]i.e., the ratio of NPDSCH EPRE to NRS EPRE is 0dB for one NRS antenna port, and -3dB for two NRS antenna ports

[bookmark: _Toc71635378]Observation 4 In relation to signal the “power ratio of NRS EPRE to CRS EPRE” it is important to be aware that 1) For the different PCI case the CRS power is unknown for the UE, and 2) For the same PCI case “nrs-CRS-PowerOffset” is not necessarily transmitted. 
[bookmark: _Toc71635379]Observation 5 To overcome the lack of CRS power knowledge mentioned in Observation 4, it is more convenient to stay aligned with other deployment modes and with the agreement from RAN1# 103-e (“… signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported, … NPDSCH in symbols with CRS (only for “In-band” deployment)”) as to signal for the in-band deployment: “the power ratio NPDSCH EPRE to NRS EPRE in symbols with CRS”.

[bookmark: _Toc71635404]Proposal 6 For the downlink power allocation, in case of “in-band deployments” the following power ratio is signalled regardless of the PCI case:
· [bookmark: _Toc71635405]“The power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS”.

[bookmark: _Toc71635380]Observation 6 In terms of signalling for the downlink power allocation, in LTE the data-to-pilot power ratios are associated to indices through a table: mapping indices vs power ratios (See e.g., Table 5.2-1 in TS 36.213).
[bookmark: _Toc71635381]Observation 7 The downlink power allocation using the LTE approach (table mapping indices vs power ratios) allows to obtain higher layer signaling savings.
[bookmark: _Toc71635382]Observation 8 Although re-using the LTE framework is a good design principle, if we consider that there might be mixed deployments modes of anchor and non-anchor carriers (e.g., anchor Guard-band and non-anchor In-band) the “Signaling Approach 1” is more suitable to deal with those scenarios than having to dependent on nrs-CRS.PowerOffset transmitted via SIB1-NB using "Cond inband-SamePCI-ExceptAnchor”.
[bookmark: _Toc71635406]Proposal 7 The signalling for the downlink power allocation for 16-QAM is as follows:
· [bookmark: _Toc71635407]ρ_a = power ratio of NPDSCH EPRE to NRS EPRE in symbols without NRS, ρ_b = power ratio of NPDSCH EPRE to NRS EPRE in symbols with NRS, and ρ_c = power ratio of NPDSCH EPRE to NRS EPRE in symbols with CRS.
· [bookmark: _Toc71635408]The data-to-pilot power ratios ρ_a, ρ_b, and ρ_c are each of them indicated using UE specific signalling.




On options for downlink power allocation, companies (Huawei, HiSilicon, Ericsson) propose to support option 1, companies (Nokia, NSB, ZTE) propose to support option 2, and companies (QC, Lenovo, Moto) propose to support option 3.
On the reuse of existing parameter nrs-CRS-PowerOffset, companies (Nokia, NSB, ZTE, QC(same PCI)) propose to reuse it in inband deployment, companies (QC(different PCI), Ericsson) propose to introduce a new parameter.
The views on the options of signaling are still diverse, to move forward, it is proposed to have optional signaling to combine the three options. Regarding the existing parameter nrs-CRS-PowerOffset, it is observed by companies that it’s not signaled for different PCI. If it’s used for different PCI in Rel-17, it will be a new parameter anyway. Therefore, the following is proposed:
Proposal 6: For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· Two power ratios are signaled optionally
· NPDSCH EPRE to NRS EPRE in symbols with NRS
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· If only one of the above signaling is signaled, then the same transmit power of different symbols is assumed.
· 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.
· The existing parameter nrs-CRS-PowerOffset is reused for same PCI case.
· A new parameter is introduced for different PCI case.
· FFS: Whether UE specific or cell-specific or carrier-specific signaling is used

Please input your comments to the above proposal:
	Companies
	Comments

	Lenovo, MotoM
	For the standalone and guard-band deployments, we still hope we can follow LTE mechanism to select option 3, and the value of radio is the same as LTE {-6, -4.77, -3, -1.77, 0, 1, 2, 3}.  If we use option 1 and 2, I am not sure do we need additional evaluation/check for the new ratio values.

	Qualcomm
	We do not see the need to signal the two separate power ratios. The principle of NRS power boosting should follow the same approach as CRS power boosting in Rel-8, where the other power ratio is calculated based on constant power.
Actually, the views may seem split between Option 2 and Option 3, but these two options are essentially equivalent (one of the values can be derived from the other). If you merge Option 2 and Option 3, there is a clear majority. We would be OK with either Option 2 or Option 3.

	Huawei, HiSilicon
	We prefer option 1 since the power may not be the same among symbols at least for inband deployment mode, since for inband the NB-IoT PRB is located within the LTE, and the total power of NB-IoT and LTE in symbols may be constant, but it does not mean that the power in NB-IoT symbols is always constant from NB-IoT perspective.

	Ericsson
	For “Stand-alone and Guard-band” deployments the proposal is fine with us.
For “In-band” deployments, in our view if a power ratio is to be signaled why not use it regardless of the PCI case, especially because even for the same PCI case the “nrs-CRS-PowerOffset” is not necessarily transmitted.

There is one other thing that needs to be clarified, the agreement from RAN1# 103-e states “… signaling of power ratios of NPDSCH EPRE to NRS EPRE for the following cases is supported, … NPDSCH in symbols with CRS (only for “In-band” deployment”, whereas the agreement from RAN1# 104-bis states “the power ratio of NRS EPRE to CRS EPRE is signaled”. So, a clarification is needed, in our view what is correct is to signal the power ratio NPDSCH EPRE to NRS EPRE in symbols with CRS because even if the NRS EPRE to CRS EPRE were signaled, it is still unknow the data-to-pilot power ratio of NPDSCH EPRE to either NRS or CRS in symbols with CRS.


	ZTE, Sanechips
	We show the similar view with Qualcomm that Option 2 and Option 3 are essentially equivalent, which is based on the constant power.
Additionally, in the legacy NB-IoT, the transmit power between OFDM symbols is the same. Different transmit power between OFDM symbols may cause phase diversion and may has an impact on RAN4. So, different transmit power between OFDM symbols should not be considered.

	Nokia, NSB
	We share similar view as Qualcomm and ZTE and do not see the need to signal two power ratios. Therefore, we prefer to select only one of the power ratios.
For the second bullet of the proposal, we prefer to use the same parameter regardless of PCI.



Issue 4: uplink power control
There are following proposals on power allocation
	Sourcing
	proposals

	[4]
	Observation 5: The existing uplink power control can support 16QAM via basic transmit power adjustment for NB-IoT.
Proposal 8: If an additional power control parameter is adopted, we propose to define this parameter as a power offset for 16QAM.

	[5]
	Proposal 11: RAN1 to introduce an additional power control parameter to allow for increased power with 16-QAM (e.g. similar to )

	[7]
	Proposal 7: Consider the study of uplink power control enhancement in NBIoT.

	[8]
	Observation 9 In LTE, the term ΔTF in the power control equation increases the power when the number of bits per RE is increased by a higher order modulation scheme, a similar element can be incorporated into the NB-IoT’s equation for 16-QAM in UL.
Proposal 10 Incorporate into the UE’s transmit power control equation, a new term to boost the power when the number of bits per RE is increased due to the use of 16-QAM in UL.
FFS: Details on the power increase provided by the new term.



For uplink power control, most companies discussing this proposed to introduce a new parameter for 16-QAM, therefore, the following is proposed:
Proposal 7: Introduce a new term in uplink power control of NPUSCH using 16-QAM. FFS on the details.

Please input your comments of the above proposal, and the details of the new term if possible:
	Companies
	Comments

	Lenovo, MotoM
	Support proposal 7.

	Qualcomm
	Support.

	Huawei, HiSilicon
	ok

	Ericsson
	Proposal 7 is fine.

	MTK
	Ok with proposal 7.

	ZTE, Sanechips
	No strong view. Considering the low complexity/cost for NB-IoT UE, simplified uplink power control is preferred.

	Nokia, NSB
	OK




Channel quality reporting

Issue 5: Channel quality reporting
There are following proposals on power allocation
	Sourcing
	proposals

	[2]
	Proposal 6: Re-purpose the channel quality reporting field in Msg3 and MAC CE to support CQI reporting for 16-QAM.

	[3]
	Proposal 4: Define CSI reference resource to be used for 16-QAM CQI measurement.
Proposal 5: The CSI reference resource is given by a set of the last RCSI subframes used for NPDCCH monitoring by the BL/CE UE in the corresponding narrowband before n-nCQI_ref.
Proposal 6: Reuse Msg3 and MAC CE downlink channel quality measurement report defined in 36.133 for 16-QAM CQI reporting.
Proposal 7: For 16-QAM, consider defining an additional new downlink CQI table based on the eMTC CQI table.


	[4]
	Observation 3: For CQI table, covering QPSK and 16QAM modulation schemes and from low to high spectral efficiency is beneficial to improve NPDSCH performance.
Observation 4: The existing MAC CE used for PDCCH repetitions feedback can be re-purposed to report 4-bit CQI for NPDSCH if the UE receives a CQI command. And the eNB can confirm whether the channel quality report is the number of PDCCH repetitions or PDSCH CQI via the trigger command.
Proposal 6: A dedicated 4-bit CQI table should be defined for DL 16QAM.
Proposal 7: There is no need to specify measurement reference resource for CQI report for NB-IoT 16QAM.


	[5]
	Proposal 12: For NPDSCH-based CQI, RAN1 assumes that RAN2 / RAN4 will decide on the candidate values for channel quality report.

	[6]
	Proposal 2: Make a decision on whether to introduce L1 CQI reporting solution.


	[7]
	Proposal 3: Remove some of the legacy CQI reporting values and add more than 3 CQI reporting values for support 16QAM in DL.


	[8]
	[bookmark: _Toc71635375]Observation 1 The legacy CQI mapping table in TS 36.133 clause 9.1.22.15 currently uses 13 out of 16 entries, hence the three unused fields could be utilized to incorporate the channel quality reporting for 16-QAM in DL.
[bookmark: _Toc71635376]Observation 2 For the TBS/MCS table for DL, the step-size between ITBS indices is in most cases smaller than 1dB, which is a level of granularity that might be unfeasible in terms of NRS. Today the channel quality reporting is specified for each repetition level 1, 2, 4, 8, …, which means that in legacy the step size is 3dB. 
[bookmark: _Toc71635377]Observation 3 In Rel-17, the full range of ITBS indices (14 to 21 and 11 to 17 depending on the deployment mode) can be covered using only three candidate reports (i.e., candidateRep-M, candidateRep-N, or candidateRep-O) as to have a feasible level of granularity with step-sizes larger than 1dB.
[bookmark: _Toc71635397]Proposal 4 The three unused entries in the legacy CQI mapping Table in clause 9.1.22.15 of TS 36.133 (i.e., Table 9.1.22.15-1) are used for the CQI reporting of 16-QAM in DL.




On the measurement report types that can support 16-QAM, companies (Huawei, HiSilicon, Nokia, NSB) mentions report in Msg3 and MAC CE, and one company (MTK) proposes to support L1 CQI triggering and reporting. And On the introduction of CSI reference resource, companies (Nokia, NSB) proposed to introduce it for 16-QAM while one company (ZTE) proposed to not introduce it.
On the CQI table for downlink 16-QAM, companies (Nokia, NSB, ZTE) proposed to define a new CQI table, companies (Lenovo, Moto, Ericsson) propose to add 3 CQI reporting values in the legacy CQI table. And one company (QC) proposes that RAN2/RAN4 will decide the values for CQI reporting.
Proposal 8: When configured with downlink 16-QAM, the channel quality can be reported in Msg3 and MAC CE.
Proposal 9: For CQI table for downlink 16-QAM, down-select between following options:
· Option 1: A new 4-bit CQI table is defined to support 16-QAM in downlink.
· Option 2: Three candidate values for 16-QAM are added in the legacy table.
· Option 3: Leave to RAN4/2 for the decision of candidate values for 16-QAM
Please input your comments for the above proposals, and your preference and reason on the CQI table:
	Companies
	Comments

	Lenovo, MotoM
	We support proposal 8.
For proposal 9, we think 3 CQI reporting values for 16QAM are not sufficient for the 16QAM finer granularity requirement , we support more than 3 CQI reporting values for 16QAM, either 5bit CQI, or 4bit CQI (e.g., removing some of the legacy CQI reporting value, or CQI reporting value based on channel conditions)

	Qualcomm
	For proposal 8, it is a bit unclear how the UE can be configured with downlink 16-QAM in message 3. If message 3 refers to the RRC message, the corresponding IEs carrying the CQI are defined by “CQI-NPDCCH-NB-r14” and “CQI-NPDCCH-Short-NB-r14” (for the 2 and 4 bit options, respectively). These messages are only for UEs in IDLE mode, per our understanding.
We think the only reporting option for 16-QAM should be in MAC CE.
For Proposal 9, although our preference is to have Option 3, we would also be OK with deciding Option 2 for the sake of progress.

	Huawei, HiSilicon
	We agree with proposal8, 9 and support Option 1. Adding just three values for 16QAM CQI may not be sufficient to indicate the channel quality for 16QAM since it may exist large gap between the corresponding SNR point for NPDCCH repetition 1 and NPDSCH MCS with 16QAM. Furthermore, the 13 legacy QPSK CQI (NPDCCH repetition) values is a waste for 16QAM (repetition = 1).

	Ericsson
	The potential support of quality report on Msg3 needs further discussion/analysis.
We should probably start with Proposal 9, being our preferred solution Option 2.

	MTK
	We support proposal 8 and proposal 9 with option 1, this means we take the same framework as R16 just replacing repetition with SNR related index. Option 2 is too coarse to reflect the channel condition. 
Please seriously consider L1 CQI solution in addition to legacy framework. The advantage of L1 CQI is notable.

	ZTE, Sanechips
	For proposal 8. 16-QAM is mainly used for data rate improvement in connected mode. MAC CE report is enough and MSG3 report is not needed.
OK with proposal 9. It is noted that RAN2 does not limit the number of report values to 3. So more reporting values for 16-QAM can be considered for finer reporting.

	Nokia, NSB
	We support proposal 8. We think it would be beneficial to also have this in Msg3 in case of short data transmission.
We are OK with proposal 9. Our preference is Option 1.

	FL proposal
	The proposals are updated according to the comments:
Proposal 8: When configured with downlink 16-QAM, the channel quality can be reported in Msg3 and MAC CE.
· FFS on support in Msg3 in connected mode and/or idle mode
· [bookmark: _GoBack]FFS on channel quality reported and triggered in layer 1

Proposal 9: For CQI table for downlink 16-QAM, down-select between following options:
· Option 1: A new 4-bit CQI table is defined to support 16-QAM in downlink.
· Option 2: Three candidate values for 16-QAM are added in the legacy table.
· Option 3: Leave to RAN4/2 for the decision of candidate values for 16-QAM




Others
Issue 6: Others
There are also other proposals as below:
	Sourcing
	proposals

	[9]
	[bookmark: _Toc71630364][bookmark: _Toc58536697][bookmark: _Toc52219319][bookmark: _Toc71585790]Observation 1 In terms of the Layer 2 buffer size requirements for 16-QAM, the following has been proposed in [2]:
· [bookmark: _Toc71630365]“For Cat NB2 UE supporting 16-QAM, the total L2 buffer size is 16000 bytes”.


	[10]
	Observation 1: The PAPR of 16-QAM for DL NB-IoT is increased compared with QPSK.
Proposal 1: RAN1 to consider the reduction of 16-QAM PAPR for DL NB-IoT.




Please input any issue that can be considered for discussion in this meeting:
	Companies
	Comments

	
	

	
	

	
	



Summary
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