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1 Issue #1: EPRE for 16-QAM
In previous meetings, the following agreements were reached regarding power allocation of 16-QAM:Agreement
Confirm the following working assumption:
Working Assumption
For downlink power allocation to support 16QAM:
· For inband deployments, a power ratio is signaled in addition to the signaling 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 signaled
· the signaling is UE specific
Note: “symbols with NRS” and “symbols without NRS nor CRS” have the same power.

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



The above agreements are implemented in the specifications as follows:

If a UE is configured with higher layer parameters npdsch-16QAM-Config and nrs-PowerRatio,
-	if higher layer parameter operationModeInfo indicates '10' or '11',
-	the UE may assume the downlink transmit power, defined as the linear average over the power contributions (in [W]) of all resource elements within the operating NB-IoT system bandwidth, is constant across all symbols and subframes, and 
-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is given by the parameter nrs-PowerRatio in symbols without NRS
-	otherwise,
-	the UE may assume the downlink transmit power, defined as the linear average over the power contributions (in [W]) of all resource elements within the operating NB-IoT system bandwidth, is constant across all symbols (except symbols with CRS) and subframes,
-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is given by the parameter nrs-PowerRatio in symbols without NRS and CRS, and
[bookmark: _Hlk86939572]-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is given by the parameter nrs-PowerRatioWithCRS in symbols with CRS.


In our view, the two bullets saying that “the downlink transmit power […] is constant across all symbols and subframes” should be replaced by an equation. For this, we need to distinguish the cases of 1 port and 2 ports:
For one NRS port, the symbols with NRS and without NRS or CRS looks as follows (the letter symbolizes the EPRE)
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With .
If the power is constant in a symbol, then . Therefore, the EPRE between PDSCH and NRS in symbols without NRS is

Note that, for the case of no power boost (), we get the legacy EPRE of 0dB.




For two NRS ports, each of the ports looks as follows:
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Therefore, the EPRE between PDSCH and NRS in symbols without NRS is

Note that, in this case, the “no power boost” is , since the NRS subcarriers only carry one port at a time. Entering that power ratio into the equation leads to , as expected.
Thus, we propose to adopt the following TP:

TP1 (TS 36.213)
16.2.2	Downlink power allocation
[…]
If a UE is configured with higher layer parameters npdsch-16QAM-Config and nrs-PowerRatio,
-	if higher layer parameter operationModeInfo indicates '10' or '11',
-	the UE may assume the downlink transmit power, defined as the linear average over the power contributions (in [W]) of all resource elements within the operating NB-IoT system bandwidth, is constant across all symbols and subframes, and 
-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is given by the parameter nrs-PowerRatio in symbols without NRS, and
-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs in symbols with NRS is given by , where  is given by the parameter nrs-PowerRatio, and  for a cell with two NRS antenna ports and  for a cell with one NRS antenna port
-	otherwise,
-	the UE may assume the downlink transmit power, defined as the linear average over the power contributions (in [W]) of all resource elements within the operating NB-IoT system bandwidth, is constant across all symbols (except symbols with CRS) and subframes,
-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is given by the parameter nrs-PowerRatio in symbols without NRS and CRS, and
-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is given by the parameter nrs-PowerRatioWithCRS in symbols with CRS, and
-	the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs in symbols with NRS is given by , where  is given by the parameter nrs-PowerRatio, and  for a cell with two NRS antenna ports and  for a cell with one NRS antenna port
.


Proposal 1: Endorse TP1

2 Issue#2: Power control for 16-QAM
In RAN1#107 the following agreement was reached, with the highlighted point being FFS:Agreement
The following working assumption is confirmed.
For the new term  introduced for power control of NPUSCH,
· 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.
· FFS: whether the new term applies to QPSK when configured with 16QAM, if it does not, whether an additional term is introduced to avoid jump between QPSK and 16QAM 


Note that the FFS point tries to solve the issue of a large “power jump” between QPSK and 16-QAM. If nothing else is specified, the lowest 16QAM MCS will have a much higher power than the highest QPSK MCS.
In our view, the easiest way to solve this issue is to apply the new term to QPSK as well, when the UE is configured with 16-QAM:
Proposal 2: The new term  also applies to QPSK, when configured with 16-QAM.

3 Issue#3: Configuration for PUR
During the CR preparation after RAN1#107, there was some discussion about how to capture the behavior for PUR. The discussion was about how to capture the PUR behavior in the following paragraph:
16.4.1.5	Modulation order and transport block size determination
To determine the modulation order in the NPDSCH, the UE shall

-	if the UE is configured with higher layer parameter npdsch-16QAM-Config and the DCI is mapped onto the UE specific search space and the 4-bit "modulation and coding scheme" field () in the DCI is set to ‘1111’,

-	use modulation order, = 4
-	otherwise

-	use modulation order, = 2.


In our view, the configuration / behavior is as follows:
· If 16 QAM is enabled in PUR, and the DCI is mapped to the search space by PUR-RNTI, and MCS=’1111’, or
· If 16QAM is enabled in UE-specific RRC, and the DCI is mapped to the search space by C-RNTI and MCS = ‘1111’, then
· Use 16-QAM as the modulation order.
Note that, when the UE is in IDLE mode, only the PUR configuration would apply. Similarly, when in connected mode, only the UE-specific configuration would apply, so there is no need to tie both conditions. Thus, we propose to agree to the following TP to capture the desired behavior:
TP 3(TS 36.213):
16.4.1.5	Modulation order and transport block size determination
To determine the modulation order in the NPDSCH, the UE shall


-	if the UE is configured with higher layer parameter npdsch-16QAM-Config and the DCI is mapped onto the UE specific search space and the 4-bit "modulation and coding scheme" field () in the DCI is set to ‘1111’, or if the UE is configured with higher layer parameter pur-DL-16QAM-Config and the DCI is mapped onto the UE specific search space given by PUR-RNTI and the 4-bit "modulation and coding scheme" field () in the DCI is set to ‘1111’,

-	use modulation order, = 4
-	otherwise

-	use modulation order, = 2.


Proposal 3: Endorse TP3.


4 Issue#4: CQI table selection
In RAN1#107, the CQI table for 16-QAMwas agreed by RAN1. One remaining open issue is how to select between the QPSK table and the 16-QAM table.
In our view, the usage of the 16-QAM CQI table should be directly dependent on whether 16-QAM is configured or not. In previous meetings, some companies argued that it is important to support lower repetition values in case the channel conditions degrade. In the following, we will argue that this is not needed, since the UE would need to undergo an RRC reconfiguration anyway:
1. If the UE is configured with 16-QAM (based on e.g. good initial coverage selection on NPRACH), it will be configured with a small number of repetitions for NPDCCH. In a typical scenario, the UE may be configured with , since larger repetition values would reduce the achievable data rate of the UE.
2. The CQI table for 16-QAM includes an entry down to 32 NPDCCH repetitions.
3. If the UE was in a situation where it needed to report a larger number of NPDCCH repetitions (e.g. 64), it would be impossible to report this information with an NPDCCH configuration with an  (the UE would declare RLF). 
4. The expected behavior would be that, once the SNR conditions of the UE degrade drastically, the eNB should configure the UE with a larger NPDCCH repetition value and disable 16-QAM.
Therefore, we make the following proposal:
Proposal 4: The UE uses the 16-QAM CQI table if it is configured with 16-QAM, otherwise it uses the QPSK table.





5 Summary
In this contribution we presented our views on open issues and corrections for 16-QAM. We made the following proposals:
Proposal 1: Endorse TP1

Proposal 2: The new term  also applies to QPSK, when configured with 16-QAM.

Proposal 3: Endorse TP3.

Proposal 4: The UE uses the 16-QAM CQI table if it is configured with 16-QAM, otherwise it uses the QPSK table.
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