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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 corresponding email discussion according to the inputs [2-10].
[106-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)

Discussion
Based on comments, the following are proposed:
Proposal 1: Support 16-QAM for NPDSCH in PUR procedure
· CSI report is not supported/expected during PUR procedure
 
Proposal 2: To support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· 16-QAM can be enabled/disabled by UE specific RRC signaling in PUR-Config-NB for NPDSCH and NPUSCH separately 
· When 16-QAM is enabled for NPUSCH, the MCS indices, RU indices and UL power control parameter are indicated in PUR-Config-NB
· Note1: It’s up to RAN2 whether a new parameter or the legacy parameter is used to indicate the RU indices
· Note 2: There may be additional parameters if agreed.
· When 16-QAM is enabled for NPDSCH, the DL power allocation is indicated in PUR-Config-NB
 
Proposal 3: the agreement below is updated as
Agreement
For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB/UE specific signaling.
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Round 3 Discussion
Applicability
Issue 1: Applicability
The following has been achieved in online discussion:
Agreement:
Confirm the following working assumption:
· Working Assumption
· Support 16-QAM for NPUSCH in PUR procedure.

For proposal 1, 
@Ericsson, regarding the comments “such as data-to-pilot power ratios, and MCS ranges”, the data-to-pilot power ratios has been added in the proposal, however MCS range is not needed as NPDSCH in PUR is dynamically scheduled. “Two new optional IEs for DL and UL 16QAM are introduced in the PUR configuration”, not sure what “new optional IEs” mean, is it the enabler of 16-QAM? 
@Nokia, @ZTE, it seems reasonable to me to leave the details to RAN2.
The proposal are updated as below:
Proposal 1: Support 16-QAM for NPDSCH in PUR procedure
· CSI report is not supported/expected during PUR procedure

Proposal 2: To support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· 16-QAM can be enabled/disabled by UE specific RRC signaling for NPDSCH and NPUSCH separately
· When 16-QAM is enabled for NPUSCH, TBS for PUR can be indicated by UE specific RRC signalling.
· When 16-QAM is enabled for NPDSCH, The power ratios between NRS and NPDSCH is indicated by UE specific RRC signaling
Please input your comments on the above proposals:
	Companies
	Comments

	Ericsson v020
	Given Proposal 2, we can be OK with Proposal 1.
Proposal 1 is ok as it is.
Proposal 2, we request the following update:

Proposal 2: To support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· 16-QAM can be enabled/disabled by UE specific RRC signaling for NPDSCH and NPUSCH separately
· When 16-QAM is enabled for NPUSCH, the TBS indices, RU indices and UL power control parameter are indicated in PUR-Config-NB
· When 16-QAM is enabled for NPDSCH, the DL power allocation is indicated in PUR-Config-NB

	ZTE, Sanechips
	For progress, OK with proposal 1. 
For proposal 2:
RU indices already exist in the PUR as npusch-NumRUsIndex.
Regarding the UL power control parameter, it is up to the discussion of  and TPC command.
Therefore, 
Proposal 2: To support 16-QAM for NPDSCH and NPUSCH in PUR procedure,
· 16-QAM can be enabled/disabled by UE specific RRC signaling for NPDSCH and NPUSCH separately
· When 16-QAM is enabled for NPUSCH, the TBS indices, RU indices and UL power control parameter are indicated in PUR-Config-NB
· When 16-QAM is enabled for NPDSCH, the DL power allocation is indicated in PUR-Config-NB

	
	

	
	



DCI
Issue 2: DCI design
The following have been achieved:
Confirm the working assumption:
Working Assumption
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.
Agreement
 For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB.

For proposal 3, @Ericsson, @ZTE, @Nokia, as there’s no real difference between comments, the proposal is updated according to majority view.
Proposal 3: the agreement below is updated as
Agreement
 For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB/Msg4.

Please input your comments regarding the above proposal:
	Companies
	Comments

	Ericsson v020
	Yes, we are ok with Proposal 3

	ZTE, Sanechips
	inbandCarrierInfo not only can be transmitted in msg4, but also transmitted in other UE specific signalling, e.g.,CarrierConfigDedicated-NB can also be carried in RRCReconfiguration
Therefore, the following modification is suggested 
Agreement
 For the UE configured with 16-QAM for NPDSCH, the deployment of the carrier is signaled by operationModeInfo in MIB or inbandCarrierInfo in SIB/UE specific signalling.

	
	




Power allocation and power control
Issue 3: downlink power allocation
The following has been achieved:
Confirm working assumption:
Working Assumption
For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· One power ratio is signaled optionally
· NPDSCH EPRE to NRS EPRE in symbols without NRS
· The same transmit power is assumed across different symbols.
· If the signalling is 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
· UE specific signalling is used
Working Assumption 
For downlink power allocation to support 16QAM:
· For inband deployments, a power ratio is signaled in addition to the signalling for standalone and guard-band deployments which in this case applies to “symbols with NRS” and “symbols without NRS nor CRS”. 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signalled
· the signalling is UE specific
Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.

Issue 4: uplink power control
Regarding the options proposed for uplink power control,
· Option 1: Reuse the LTE definition simplified for NB-IoT:  for  and  for , where  is given by higher layer parameter deltaMCS-Enabled, and  where K is the code block size.
· Option 2:  is given in table based on MCS index if enabled, 0 otherwise.
· Option 3: A TPC command is introduce to indicate the power offset for NPUSCH with 16-QAM.
· Option 4:  is configured by high layer parameter.
· Option 5: ΔTF =  for Ks = 1.25 or ΔTF = 0 for Ks = 0, where BPRE =.  is the highest code rate in the TBS/MCS table used for the Modulation Scheme, and  is the number of bits per M-ary symbol of the Modulation Scheme.
The following has been achieved:
Agreement
Down-select one option from Cat 1 as starting point
· Cat 1: Option 1, Option 2/Option 4, Option 5
FFS Cat 2: Option 3, for close-loop power control
· Option 1: Reuse the LTE definition simplified for NB-IoT:  for  and  for , where  is given by higher layer parameter deltaMCS-Enabled, and  where K is the code block size.
· Option 2:  is given in table based on MCS index if enabled, 0 otherwise.
· Option 3: A TPC command is introduce to indicate the power offset for NPUSCH with 16-QAM.
· Option 4:  is configured by high layer parameter.
· Option 5: ΔTF =  for Ks = 1.25 or ΔTF = 0 for Ks = 0, where BPRE =.  is the highest code rate in the TBS/MCS table used for the Modulation Scheme, and  is the number of bits per M-ary symbol of the Modulation Scheme.

Please input your preference and reasons on the down-selection, and your comments on the FFS as well:
	Companies
	Comments

	Huawei, HiSilicon
	We are OK with proposal 7 and support option 1, since it is sufficient to follow the LTE principle and seems no need to introduce a different one.

	Ericsson
	Proposal 7:
Question on Option 1, what is the actual result we are getting with option 1?
For Option 5, it is not mentioned that it also re-uses the LTE’s definition, the only simplification is on BPRE, which is made dependent on the code rate and modulation scheme as follows: BPRE =. Then to determine ΔTF, we calculate first the TF for QPSK and then TF for 16-QAM as to obtain the difference between them (i.e., ΔTF):

TFQPSK =  =  = 5.9379 dB
TF16-QAM =  =  = 13.1924 dB
ΔTF = TF16-QAM - TFQPSK = 7.2545 dB
For Option 4, I believe the configured value is selected from a set containing at least a few of possible configurable values, in that case probably is better to add the following: “Option 4:  is configured by high layer parameter, 0 otherwise. FFS: values in the set from which  is chosen.”

	Lenovo, MotoM
	We are OK with proposal 7 and support option 1, since it is sufficient to follow the LTE principle and seems no need to introduce a different one.

	ZTE,Sanechips
	Agree with Proposal 7 and support option3. A TPC command can provide flexible power control. Because the CQI is report ed by MAC CE and NB-IoT UE is a kind of low cost UE, the complicated calculation for ΔTF  is not appropriate for NB-IoT.

	Nokia, NSB
	We are fine with proposal 7. Our preference is option 2, which is a simplified version of option 1/5.

	Qualcomm
	We think Option 3 should be removed. The other options can be further discussed.

	Ericsson v010
	We kindly request the proponent of Option 1 to provide the numeric value obtained from ΔTF.
For Option 5, ΔTF = 7.2545 dB.
An equation-based solution as Option 1 and Option 5 provides a single ΔTF value. Thus, we think that is probably better to have more flexibility through a ΔTF configured via HL (e.g., Option 4), where ΔTF is selected from among a set of possible values in a set. For example:
ΔTF = {AdB, BdB, CdB, DdB} is provided by HL parameter, and if this field is absent then 0dB will be used. 
· FFS: A, B, C, D.
With the above approach, the resulting ΔTF from e.g., Option 1, Option 5 could be included in the set, which provides flexibility.

	Nokia, NSB
	We think that a single value per MCS level defined in specifications should be sufficient. There is no need to computer the value for each allocation nor have multiple higher-layer configured values.

	Huawei, HiSilicon
	The specific value is calculated based on  for . And   for .  is given by higher layer parameter deltaMCS-Enabled, and  where K is the code block size.  is the number of REs for NPUSCH.

	ZTE, Sanechips
	A repurposed field with 4 bits can be used for TPC command. There are enough states to include all power offset determined by . We do not see any benefits to adopt the , instead of dynamic TPC control.

	
	

	
	




Channel quality reporting

Issue 5: Channel quality reporting
The following proposal has been achieved:
Conclusion 
The channel quality report is not supported in Msg3 in connected mode in Rel-17.
On the CQI table for downlink 16-QAM, 4 companies (Nokia, NSB, Lenovo, Moto) prefer option 1, 1 company (Ericsson) prefers option 2, and 7 companies (Huawei, HiSilicon, Nokia, NSB, ZTE, Sanechips, MTK) prefer option 3.
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
The concerns to support option 1 include: limited number of MCS entries for 16-QAM for efficient CQI reporting, “dB” step size granularity, increased size of legacy table, no backward compatible, and more UE complexity on hypothetical decoding of both NPDCCH and NPDSCH.
The concerns to support option 2 include: large SNR gap between NPDCCH repetition 1 and 16QAM TBS, more UE complexity on hypothetical decoding of both NPDCCH and NPDSCH, and limited number of MCS entries for 16-QAM for efficient CQI reporting.
The concerns to support option 3 include: not backward compatible, out of scope of WID, and additional signaling.
After the GTW session, more discussion is needed regarding the concerns listed above.
Question 1: What’s your first preference between the three options?
Question 2: Your comments regarding the listed concerns for the preferred option? 

	Companies
	Comments

	Ericsson v020
	Question 1: Option-2 as to have backward compatibility, no step-size granularity issues, and to stick to the WID.
Question 2: 
For Option-1 
•	Incurs in a “dB” step-size granularity issue, since the step-size in most of the cases will be smaller than 1dB (in some cases as small ⁓ 0.45 dB). It is questionable the feasibility of the SINR measurement quality required to support such a fine granularity. 
•	Requires increasing the size of legacy Table 9.1.22.15-1 since for Stand-alone/Guard-Band deployments 8 reports would be needed (i.e., I_TBS indices from 14 to 21).
•	There is an FFS that considers removing legacy entries as to not have to increase the size of the legacy table, however in that case the side effect is ending up with a no backward compatible solution.
For Option-3
As mentioned earlier not backward compatible, out of scope of WID, and additional signaling. Since we are standardizing 16-QAM, one of the main concerns is having re-design the reports for QPSK, which won’t be as legacy any longer.

	ZTE, Sanechips
	Option3 is preferred.
First, in RAN1 104be-meeting, we have agreed that the channel quality report for 16-QAM is based on NPDSCH transport block
	Agreement
If 16-QAM is configured for NPDSCH, the channel quality report for 16-QAM is based on NPDSCH transport block that achieves an error probability not exceeding 10% BLER.


The legacy table is based on the repetition number for PDCCH. We do not think option1 and option2 are aligned with the agreement.

Second, the limited number of NPDSCH CQI entries for 16-QAM in option1 and option2 and the large SNR gap between NPDCCH repetition 1 and 16QAM TBS are not acceptable for us.

Third, according to the WID description, channel quality reporting should be based on the framework of Rel-14—16
	· 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] 


From our understanding, ‘the framework of Rel-14—16’ means CQI reporting triggered by high layer and report by MAC CE should be reused. It does not mean the CQI table for PDCCH should be reused. 
‘Extend the NB-IoT channel quality reporting’ means extend CQI report capability, i.e., support both CQI report based on NPDSCH and CQI report based on NPDCCH. It does not mean the CQI table for PDCCH should be extended. 
Therefore, it is still in the WID scope.

Last, the channel quality for NPDSCH and NPDCCH is triggered separately. For the legacy CQI report for PDCCH, it would not be affected when introduce the CQI table for NPDSCH. Therefore, we do not see any back-compatible issue for option3. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Others
Issue 6: Others
Based on previous comments, there are two companies proposing to discuss the CSI reference. Therefore, the following is proposed for discussion:
Proposal 10: Define CSI reference resource to be used for 16-QAM CQI measurement.
Please input your comments to the above proposal or any other issue that can be considered for discussion in this meeting: 
	Companies
	Comments

	Ericsson v010
	We need to define reference symbols to estimate CQI, NRS seems to be suitable for this purpose in NB-IoT.

	Nokia, NSB
	We support this proposal. It can be based on NRS with similar definition as for eMTC.

	MTK
	Considering the limited resource, We think it’s better to follow legacy measurement framework (NRS based as well). Definite CSI reference resource might introduce extra latency compared to instant moving-average measurement. 

	Huawei, HiSilicon
	In channel quality reporting in R16, no reference resource is defined for measurement in the spec. We think there is no need to define this and can follow the legacy.

	ZTE, Sanechips
	In the frequency domain, the UE can only measure CQI based on one PRB where UE monitors NPDCCH and the associated NPDSCH. In the time domain, whether to use a single subframe or multiple subframes to measure CQI can be based on UE implementation. In addition, RAN1 has not defined measurement reference resource for channel quality report in Rel-14/16 NB-IoT. Thus, the measurement reference resource does not need to be specified for Rel-17 CQI report.

	
	



Summary
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