
Page 1

3GPP TSG RAN WG1 #106bis-e			R1-2109174
e-Meeting, October 11th – 19th, 2021

[bookmark: Source]Agenda item:	8.9.1
Source: 	Qualcomm Incorporated
Title: 	Support of 16-QAM for NB-IoT
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 Background
A new work item on additional enhancements for NB-IoT and LTE-MTC was approved in [1]. One of the objectives is to introduce 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]

In RAN1#106-e, the following was agreed:
Agreement:
Confirm the following working assumption:
· Working Assumption
· Support 16-QAM for NPUSCH in PUR procedure.
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.

Confirm working assumption:
Working Assumption
· For downlink power allocation to support 16QAM:
· For standalone and guard-band deployments:
· One power ratio is signalled 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
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.

R1-2108466	Feature lead summary #2 on 106-e-LTE-Rel17_NB_IoT_eMTC-01	Moderator (Huawei)
From GTW session:
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.

Conclusion 
The channel quality report is not supported in Msg3 in connected mode in Rel-17.

2 Downlink aspects
2.1 Downlink power allocation

In LTE, the mechanism for defining the power level for PDSCH has considered the impact of a single type of reference signal, i.e., CRS. LTE defined power parameters  for PDSCH in the two types of symbols (symbols without CRS and symbols with CRS), respectively In NB-IoT, we need to define three different power parameters for NPDSCH in the three types of symbols, that we denote as follows:
· : Applicable to NPDSCH in symbols with NRS.
· : Applicable to NPDSCH in symbols with CRS (required for in-band NB-IoT only).
· : Applicable to NPDSCH in symbols without NRS and CRS.
Figure 1 shows a pictorial representation of the three different power levels and the associated OFDM symbols for in-band NB-IoT.
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Figure 1 Power levels for three types of NPDSCH symbols for in-band NB-IoT

For in-band deployments, there were originally two alternatives as follows, with the second being currently a working assumption:
· Alt 1:
· The existing parameter nrs-CRS-PowerOffset is reused for same PCI case, and is signaled for different PCI case.
· The same transmit power of different symbols is assumed as to derive from nrs-CRS-PowerOffset the NPDSCH EPRE in symbols with CRS.
· Alt 2 (working assumption): 
· the power ratio between NPDSCH EPRE and NRS EPRE in symbols with CRS is signaled

In the following, we will show that Alt 1 does not work, and RAN1 shall select Alt 2 as the way forward.
Consider the following scenario under Alt 1:
· Single NRS and CRS port.
· CRS is power boosted 3dB with respect to LTE PDSCH.
· NPDSCH/NRS is power boosted 3dB with respect to LTE PDSCH (i.e., one LTE PDSCH PRB is “blanked”, and thus the EPRE between NRS and CRS is 0dB)
In this case, applying Alt.1 will lead to the following power allocation, where all REs have the same power (the power of CRS is set to 2 units, since it is 3dB boosted with respect to PDSCH)
Table 1 Power allocation under Alt.1 (red: CRS, yellow: NPDSCH, green: NRS) – showing only a single symbol of each type
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This approach, however, does not work, since the eNB still needs to transmit CRS in the “blanked” PRB, whose nominal power allocation is as follows (to keep a constant power per symbol):
Table 2 Nominal power allocation for an RB with PDSCH (red: CRS, orange: PDSCH)
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Thus, if the eNB “blanks” one LTE PRB to give that nominal power to NB-IoT, the power allocation for NPDSCH in the first symbol should be 1.6 units instead of 2, such that the total power across 2 PRBs is kept constant. This is because the “blanked” PRB still has to transmit CRS, which is power boosted:
Table 3 Correct power allocation over 2 PRBs, where the PDSCH in LTE PRB is “blanked” and the corresponding power is allocated to NB-IoT NPDSCH/NRS
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“Blanked” LTE PRB
	2
	0
	0

	
	0
	0
	0

	
	0
	0
	0

	
	0
	0
	0

	
	0
	0
	0

	
	0
	0
	0

	
	2
	0
	0

	
	0
	0
	0

	
	0
	0
	0

	
	0
	0
	0

	
	0
	0
	0

	
	0
	0
	0




Therefore, we need one additional parameter to identify the NPDSCH to NRS EPRE in symbols with NRS. Although there are several equivalent ways to indicate this, the simplest way is to explicitly indicate the EPRE directly.
For the other symbols (symbols with NRS and symbols without NRS or CRS), the power can be assumed to be constant, and thus no additional signaling is needed.
In view of the above, we make the following proposals:
Proposal 1: Confirm the following 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.


3 Uplink aspects

For PUR, we propose to add a flag in PUR-Config to enable 16-QAM (similar to unicast):
Proposal 2: Include a configuration flag in PUR-Config to enable 16-QAM (row 6 in RRC parameter list).

For uplink power allocation, we propose to reuse the mechanism used in LTE ( with corresponding parameter deltaMCS-Enabled). This comprises the following:
· Add a correction term  in the power control equation following the same definition as in LTE (Option 1).
· Add a configuration parameter deltaMCS-Enabled
· Add the definition of BPRE as in LTE.

Proposal 3: For uplink power control, introduce the following specification changes:
· Add a correction term  in the power control equation following the same definition as in LTE (Option 1).
· Add a configuration parameter deltaMCS-Enabled
· Add the definition of BPRE as in LTE.



4 Conclusion
In this contribution we presented our views on supporting 16-QAM for NB-IoT. We made the following proposals:
Proposal 1: Confirm the following 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.

Proposal 2: Include a configuration flag in PUR-Config to enable 16-QAM (row 6 in RRC parameter list).

Proposal 3: For uplink power control, introduce the following specification changes:
· Add a correction term  in the power control equation following the same definition as in LTE (Option 1).
· Add a configuration parameter deltaMCS-Enabled
· Add the definition of BPRE as in LTE.
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