3GPP TSG RAN WG1 Meeting #90b                                       R1-1718137
Prague, Czechia, 9th – 13th October 2017

Agenda item:
6.2.5.5
Source: 
Qualcomm Incorporated

Title: 
Summary of email discussion on 64-QAM CQI table
Document for:
Discussion/Decision

1. Background
In RAN1#90, it was identified that the following agreements imply that the UE cannot be configured simultaneously with 64-QAM and repetitions (note that ‘repetitions’ here means that the UE can receive 64-QAM without repetitions and 16-QAM/QPSK with repetitions without the need to go through an RRC Reconfiguration)
· Rel-15 Agreement: Support for 64QAM for non-repeated unicast PDSCH in connected mode in CE Mode A is introduced.
· This also implies that the UE cannot consider 64-QAM for CSI feedback if RCSI>1

· TS 36.213: If the BL/CE UE is configured in CEModeA, and if the PDSCH is assigned by or semi-statically scheduled by a MPDCCH with DCI format 6-1A, the UE shall assume no PDSCH repetition if the higher layer parameter csi-NumRepetitionCE-r13 indicates one subframe.

Also, it should be noted that for wideband CSI reports and 64-QAM configuration, MPDCCH hopping cannot be configured due to the CSI reference resource being at least 
[image: image1.wmf]DL

ch,

hop

NB,

N

subframes regardless of the configuration of csi-NumRepetitionCE-r13 (TS 36.213):

where for wideband CSI reports:

-
The set of BL/CE downlink or special subframes is the set of the last 
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 subframes before n-nCQI_ref  used for MPDCCH monitoring by the BL/CE UE in each of the narrowbands where the BL/CE UE monitors MPDCCH, where 
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 is the number of narrowbands where the BL/CE UE monitors MPDCCH.
Note that the questions below do not impact the case of single subframe for CSI reference resource and 64-QAM configuration, which would follow the agreed 64-QAM table and Rel-13 procedures.
2. Applicability of 64-QAM with CSI reference resource > 1
Q1: For the case of 64-QAM and repetitions:

Option 1: It is not possible to configure a UE with CSI reference resource comprising more than one subframe and 64-QAM simultaneously.

Option 2: RAN1 to design a solution to configure a UE with CSI reference resource comprising more than one subframe and 64-QAM simultaneously.

	Qualcomm
	Option 2, the network should be able to dynamically change to repetitions without the need to go through an RRC Reconfiguration. Also, due to the fact that the CSI reference resource is always >1SF when MPDCCH hopping is configured, Option A would imply that the network cannot configure MPDCCH hopping for CE Mode A, wideband CSI and 64-QAM at the same time.

	ZTE
	Option 1, the network can not configure 64QAM for PDSCH when CSI reference resource > 1

	Ericsson
	Option 2, the network should be able to dynamically change to repetitions without the need to go through an RRC Reconfiguration.

	Sony
	Option 2. It should be possible for an LTE-M UE to operate within the whole of “normal coverage” without the need for RRC reconfiguration. Since LTE-M needs repetitions to achieve the “normal coverage” of a Cat-1 UE (due to single RX antenna and narrow bandwidth receiver), it hence follows that:

“the network should be able to dynamically change to repetitions without the need to go through an RRC Reconfiguration” 

	Intel
	Option 2. It is preferred to reduce RRC reconfigurations if possible. 

	Nokia, NSB
	We think the RAN1#89 agreement is vague, as parameter csi-NumRepetitionCE-r13=1 also means the PDSCH without repetition. And the UE behavior is not clear for csi-NumRepetitionCE-r13>1. In our contribution R1-1717224, the following is proposed

DCI indicated PDSCH with repetition

DCI indicated PDSCH without repetition

csi-NumRepetitionCE-r13=1

64QAM is applied
64QAM is applied
csi-NumRepetitionCE-r13>1

Only 16QAM or QPSK is applied
64QAM is applied 

In this sense, Option 2 is the straight-forward way.




Q2: If the reply for Q1 is Option 2, propose solution(s) to overcome this problem

	Qualcomm
	For csi-NumRepetitionCE-r13>1, the UE assumes a CSI reference resource of 1 for 64-QAM and csi-NumRepetitionCE-r13 for other modulation schemes. For the case where the CSI reference resource cannot be 1 (case of MPDCCH hopping and wideband CSI), the UE does not compute the CQI for 64-QAM (i.e., the maximum CQI is 16-QAM).

	Ericsson
	When csi-NumRepetitionCE-r13>1, the CQI table is modified such that it covers the whole reporting range from CQI=0 taking csi-NumRepetitionCE-r13 into account, up to the maximum code rate with CQI=15 and 64QAM is covered without large discontinuities. To this end, the following options may be considered:

1) The CQI indices 11-15 are used to represent a fairly even spread of SNR values ranging from the highest 16QAM entry in the legacy CQI table, taking csi-NumRepetitionCE-r13 into account, up to max code rate for 64QAM assuming csi-NumRepetitionCE-r13=1.

2) The CQI indices 8-15 are used to represent a fairly even spread of SNR values ranging from the highest QPSK entry in the legacy CQI table, taking csi-NumRepetitionCE-r13 into account, up to max code rate for 64QAM assuming csi-NumRepetitionCE-r13=1.

3) The CQI indices 0-15 are used to represent a fairly even spread of SNR values ranging from the lowest QPSK entry in the legacy CQI table, taking csi-NumRepetitionCE-r13 into account, up to max code rate for 64QAM assuming csi-NumRepetitionCE-r13=1.

Solution 1 can be seen as the solution associated with the smallest changes, whereas solution 3 can be seen as the solution with the best performance, and solution 2 is somewhere in-between. Concrete proposals for new CQI table(s) will be provided at RAN1#90bis and we encourage other companies to do the same.    

	Sony
	There is a single table that covers a range of repetitions that are applicable in CE Mode A. We are open to whether the lowest repetition value in that table is the minimum possible value of csi-NumRepetitionCE-r13 (REP32) in the RRC spec or some other intermediate value that is fixed in the specs. 

Hence the single table would cover a set of MCS values with the minimum value corresponding to QPSK rate 1/12 and the maximum value corresponding to 64QAM rate 3/4, with equal SNR_dB step sizes in between.
We then don’t see the need for an additional table that is only applicable to REP1.

	Intel
	We prefer to reuse the existing CQI table as much as possible rather than redefining new tables. 

Design of a CQI table with even SNR step covering QPSK entries with csi-NumRepetitionCE-r13 taken into account and the highest 64QAM entry with csi-NumRepetitionCE-r13=1 would result in quite large granularity, which may impact the performance. 

	Nokia NSB
	For csi-NumRepetitionCE-r13>1, the UE assumes a CSI reference resource of 1 for 64-QAM and csi-NumRepetitionCE-r13 >1 for other modulation schemes, fallback to 16QAM or QPSK.
If CQI table agreed in last meeting is reused, it will cause different performance for DL 64QAM with different csi-NumRepetitionCE-r13 configuration, eg., =1 or >1. 


3. Proposed conclusion

Out of the 6 companies that replied, 5 prefer option 2. At the same time, there is no convergence on what the solution should be. Thus, the following conclusion is proposed:

Proposal:

- RAN1 to design a solution to configure a UE with CSI reference resource comprising more than one subframe and 64-QAM simultaneously.
- RAN1 to discuss the detailed solutions among the following options, where other options are not precluded:

Option A: For csi-NumRepetitionCE-r13>1, the UE assumes a CSI reference resource of 1 for 64-QAM and csi-NumRepetitionCE-r13 >1 for other modulation schemes

Option B: Redesign CQI table to have a more even spread of SNR values.
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