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Introduction

In last RAN1 #77 meeting, following agreements on 256QAM support were made:
· Adopt binary reflected Gray mapping for 256QAM shown as follows:
 {(1−2bi)[8−(1−2bi+2)[4−(1−2bi+4)[2−(1−2bi+6)]]]
                +j(1−2bi+1)[8−(1−2bi+3)[4−(1−2bi+5)[2−(1−2bi+7)]]]}
For 256QAM CQI table, 
· Spectrum efficiency (SE) for the last 256QAM entry is 7.4063
· The 3 QPSK entries to be removed are existing {#2, #4, #6}
For 256QAM MCS table
· Confirm the working assumption
· the # of implicit entries is 4
· Remove entries with overlapping spectral efficiency but different modulation orders
· Retain I_TBS=0
· Remove at least existing MCS entries {#1, #3, #5, #7, #9, #10, #17, #28}
For 256QAM TBS table
· Same design principle is applied for TBS table used up to Rel-10

In this contribution, we discuss remaining issues for 256QAM support. In addition, we discuss some considerations for power backoff for medium class eNB operation. 
Remaining issue on CQI/MCS/TBS tables
CQI/MCS/TBS table
In last RAN1#77 meeting, the working assumption on the 256QAM CQI table was made: the following CQI table is applied for 256QAM.
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 



The following working assumptions were also made for MCS table
· Positions of MCS indices are ordered based on spectral efficiency
· Following MCS table is applied for 256QAM
	
MCS Index

	
Modulation Order

	
TBS Index

	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2 
	0 
	16
	6 
	21 

	1
	2 
	2 
	17
	6 
	22 

	2
	2 
	4 
	18
	6 
	23 

	3
	2 
	6 
	19
	6 
	24 

	4
	2 
	8 
	20
	6 
	25 

	5
	4 
	10 
	21
	8 
	27 

	6
	4 
	11 
	22
	8 
	28 

	7
	4 
	12 
	23
	8 
	29 

	8
	4 
	13 
	24
	8 
	30 

	9
	4 
	14 
	25
	8 
	31 

	10
	4 
	15 
	26
	8 
	32 

	11
	6 
	16 
	27
	8 
	33 

	12
	6 
	17 
	28
	2 
	
Reserved

	13
	6 
	18 
	29
	4
	

	14
	6 
	19 
	30
	6
	

	15
	6 
	20 
	31
	8
	



Regarding TBS table, we made working assumption on the TBS entries for 256QAM in table 1 and table 2 in [1]. 
Since we did not find any major issue with the above working assumptions, we propose to confirm the above working assumptions.
Proposal 1: We propose to confirm the above working assumptions on contents of CQI/MCS/TBS tables.
CQI/MCS table per measurement subframe set
In last RAN1#77 meeting, the following working assumptions were made:
· For TM1-9, 256QAM CQI table can be configured per each Rel-11 subframe measurement set
· For TM10, CQI table are common for all CSI processes and/or Rel-11 subframe measurement sets and MCS table is common for all PQI sets
It would be good to confirm the working assumption with some clarification on eIMTA aspects. 
· [bookmark: _GoBack]For TM1-10, CQI/MCS tables are common for Rel-12 subframe measurement subframe sets

Proposal 2: Confirm the above working assumption on the 256QAM CQI table configuration with clarification on eIMTA aspects. 

After RAN1 #77 meeting, there has been e-mail discussion on 256QAM MCS table configuration per measurement subframe set. There are three alternatives on this issue:
· Option 1: For TM1~9, a single MCS table is applied for all the subframes. If at least one of the measurements subframe set is configured with the 256QAM CQI table, the UE assumes the 256QAM MCS table.
· Option 2: For TM1~9, one MCS table can be configured for each Rel-11 subframe measurement set, which corresponds to the CQI table in the same subframe set. Legacy MCS table is assumed at the UE for subframes that do not belong to either subframe set.
· Option 3: For TM1~9, a single MCS table is applied for all the subframes, which is independent of the measurement subframe set specific CQI configuration (i.e. a single MCS table is configured for TM1~10).
In our perspective, it is more natural to use the aligned table between CQI and MCS tables. Since Option 2 allows the consistent table configuration without introducing additional RRC parameter, we think it is reasonable option. In addition, we can get performance gain if same CQI and MCS tables would be used in the subframe within a measurement subframe set [1]. 
Option 3 may require additional RRC parameter for a UE configured with restricted measurement subframe set – two parameters for two subframe sets for CQI and one parameter for MCS. Given that Option 1 and Option 2 are not much different from the specification impact perspective whereas Option 2 may offer more flexibility and potential performance benefits. Considering these aspects, we prefer Option 2.

Proposal 3: We propose to adopt Option 2 on CQI/MCS table configuration in Rel-11 measurement subframe sets.

TBS in the highest spectral efficiency
In last RAN1#77 meeting, we concluded to continue discussion on the maximum TBS for multi-layer transmission. There are two options on the table:
· Option 1:
	TBS_L2
	TBS_L3
	TBS_L4

	193768
	290664
	387560


· Option 2:
	TBS_L2
	TBS_L3
	TBS_L4

	195816
	293736
	391656



The difference between Option 1 and Option 2 is the overhead assumption. The overhead assumption for the highest TBS index was 136 RE per RB from Rel’8. With this overhead assumption, we can achieve TBS in Option 2. Option 1 was proposed to support the peak data rate in DM-RS based transmission. This issue was originated from Rel’10 when DM RS-based transmission was introduced, but there was no special handling on that. Considering that aspect, we can go with Option 2 keeping the same overhead assumption.

Proposal 4: We propose to adopt Option 2 keeping the same overhead assumption.

Power backoff impact

According to LS response from RAN to RAN4 [1], RAN4 receives guidance from RAN to start working on requirements for medium range BS once requirements on local area BS and home BS are finalized. When medium range BS class is considered, it could be that the power backoff range can be increased to meet the EVM requirement. In other words, power difference due to backoff between supporting 256QAM and not may not be negligible. Thus, some considerations on how to apply power backoff needs some further considerations. In terms of applying power backoff, overall the following three approaches can be considered. 
(1) cell-common power backoff: eNB supporting 256QAM reduces the power regardless of 256QAM configuration. This approach would lead coverage shrinkage as the overall power is reduced. Thus, it is expected that this will impact the overall user throughput considerably.
(2) 

power backoff on 256QAM configured UEs: instead of reducing the average power, the network may selectively reduce data transmission power to 256QAM configured UEs. More specifically, power on control channels can be kept where power on data channels can be reduced for those UEs. This approach reduces coverage for 256QAM configured UEs. Thus, if a UE is configured with 256QAM yet not scheduled with 256QAM, the overall user throughput for the UE may be degraded due to coverage loss. This may be supported by configuring UE-specific  and accordingly. 
(3) 
power backoff on 256QAM scheduled UEs: further to reduce the impact from power backoff, power backoff may be achieved only if a UE is scheduled with 256QAM. Since different power backoff values are used per modulation scheme used, this approach would require additional specification work such as introducing additional. 
(4) subframe set based approach where two subframe sets can be used with different power and possible modulation. For example, the first set can be scheduled with 30dBm and non-256QAM modulation whereas the second set can be scheduled with 24dBm with 256QAM modulation. 

We evaluate potential user throughput differences between different options. We compare the performance among
· Reference: use power backoff in all subframes with 256QAM configuration to UEs with SINR >=19.4dB
· Option 1: Subframe set approach (with 20% and 40% 24dBm subframes – i.e., 2 out of 10 subframes use 24dBm and 4 out of 10 subframes use 24dBm respectively)
· Option 2:  apply power backoff only to 256QAM scheduled UEs

Table 6. User throughput results with different options

	Config
	#UEs 
(small cell UE)
	UeRxTput
	UeTput(5%)
	UeTput(50%)

	Reference
	1611
	1
	1
	1

	Option 1 (20%)
	1611
	1.03
	3.23
	1.18

	Option 1 (40%)
	1609
	0.96
	1.80
	1.01

	Option 2
	1604
	1.22
	3.60
	1.5




As it can be shown in the results, either Option 1 with 20% or Option 2 offers performance benefits over reference technique where power backoff is applied regardless of 256QAM schedulability. For the reference, 6dB RSRQ bias is used to maintain the similar small cell UE ratio. Particularly, with Option 2, the performance gains in both 5% and 50% are considerably high. Given the potential performance gain, we propose to further consider mechanisms to handle large power backoff when 256QAM is applied to medium power class eNBs. 

Proposal 5: Further consideration on power backoff for 256QAM operation of medium class eNB is needed. 

Conclusions

In this contribution, we discuss the remaining issues for 256QAM support in downlink. We have the following proposals:

Proposal 1: We propose to confirm the working assumptions on contents of CQI/MCS/TBS tables.
Proposal 2: Confirm the above working assumption on the 256QAM CQI table configuration with clarification on eIMTA aspects 
Proposal 3: We propose to adopt Option 2 on CQI/MCS table configuration in Rel-11 measurement subframe sets .
Proposal 4: We propose to adopt Option 2 keeping the same overhead assumption.
Proposal 5: Further consideration on power backoff for 256QAM operation of medium class eNB is needed. 
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