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1. Introduction
In RAN1#90b, the following agreements regarding introduction of 1024QAM for PDSCH were reached:
Agreement: 
· 1024QAM supports peak data rates of at least 120Mbps per layer per 20 MHz CC
Agreements:
· UE capability for support of 1024QAM is reported per band/band combination.
· Introduce new DL UE categories based on a subset of LTE DL Categories 11~20
· FFS on which DL category/categories. 
· Note: other new UE DL category/categories are not precluded. 
· Joint RRC configuration of CQI/MCS table to support 1024QAM is supported for UE.
· Per CC and per CSI subframe set if configured
· FFS: Per codeword in addition

Agreements:
· Adopt the following modulation definition for 1024QAM at least for initial transmissions:	



· FFS: whether same is used for re-transmission

Agreement:
· Introduce at least 2 new entries in CQI table for 1024 QAM

· For introduction of 1024QAM CQI table:
· Remove N entries from the 256QAM table.
· Add N entries for 1024QAM.

· For introduction of 1024QAM MCS table:
· Remove M entries from the 256QAM table while maintaining (close to) uniformly spaced SE, while keeping the lowest MCS
· Add M new entries for 1024QAM, with (close to) uniformly spaced SE
· Including 1 entry to support re-transmission with 1024 QAM


2. Modulation definition
In RAN1#90b it was discussed whether the modulation mapping should be changed for the case of retransmissions. In our view, the (potential) gain of changing the mapping for retransmission would be limited for the case of chase combining, which is highly unlikely for the case of 1024QAM (in such case, the eNB should schedule a lower modulation scheme, which would lead to higher performance). Additionally, the change of modulation mapping would increase the UE complexity by introducing a new interleaving after the demapping operation. Thus, we propose to keep the same modulation scheme for initial transmission and retransmissions.
Proposal 1:  The same modulation definition is used for initial transmission and retransmissions.


3. TBS table design

The decision on maximum TBS for 1024QAM highly depends on the ‘default’ assumption on overhead. For the same feasible maximum coding rate (let us consider 0.932 as the limit coding rate), the maximum TBS will depend on the default overhead assumption. If we assume an overhead of 3 control symbols (worst case) and 4 ports, this may be overly pessimistic and not applicable to scenarios where the number of UEs may be small (e.g. small cell deployment). ON the other hand, assuming a smaller overhead may result in unusable TBS entries in other kind of deployments (e.g. CPE connected to a macro-cell). We propose to introduce two entries corresponding to two assumptions on overhead
1) 136REs for PDSCH, corresponding to 1 control symbol, 4 CRS ports
2) 128REs for PDSCH, corresponding to 2 control symbols, 4 CRS ports.

Proposal 2: Introduce two maximum  entries for 1024QAM, with an RRC parameter selecting between both.

Proposal 3: The two maximum  entries correspond to the following two assumptions on overhead per PRB:
1) 136REs for PDSCH, corresponding to 1 control symbols, 4 CRS ports
2) 128REs for PDSCH, corresponding to 2 control symbols, 4 CRS ports.

Proposal 4: Have a new entry corresponding to the following assumption on overhead per PRB:
1) 116REs for PDSCH, corresponding to 3 control symbols, 4 CRS ports.
For a given number of PRBs, the TBS definition should be selected as the largest TBS that meets the standard requirements (same size for all codeblocks, no filler bits) and with a code rate not higher than 0.932.


Proposal 4: For a given overhead assumption, the TBS for a given number of PRBs is obtained as the maximum TBS with a code rate < 0.932 that meets and .
	NOTE: Some TBS may be changed to a slightly lower one in case the slightly lower one is already in the TBS table.

Under these assumptions, the size corresponding to the largest  and second largest TBS for TB mapped to one and two layers is as follows:


Table 1 TBS corresponding to the largest  under the two overhead assumptions, for TB mapped to a single layer (highlighted the alternatives that are already in TBS table)
	
	136REs
	128REs
	116REs

	100PRB
	125808
	118536
	106680

	96PRB
	121096
	113824
	102928

	92PRB
	115040
	108984
	98576

	88PRB
	110176/110136
	104376
	93800




Table 2 TBS corresponding to the largest  under the two overhead assumptions, for TB mapped to two layers
	
	136REs
	128REs
	116REs

	100PRB
	251640
	236160
	214176

	96PRB
	242216
	227672
	205880

	92PRB
	230104
	217992
	197712

	88PRB
	221680
	208056
	187712



With these three TBS entries, we just propose to fill the gaps between them and between the 256QAM TBS as follows:
Table 3 TBS table for 100PRBs
	34A
	102928

	35
	106680

	36
	112608

	37A
	118536

	37
	125808



Proposal 5: Five new TBS entries are introduced for 1024QAM.
	- 3 Entries (35, 37A, 37) corresponding to the 3 overhead assumptions above (highlighted in Table 3) 
	- 1 entry (36) corresponding to the approximate average TBS between 37A and 35.
	- 1 entry (34A) corresponding to the approximate average TBS between 33 and 35

Proposal 6: Adopt the new TBS entries for 100PRBs in Table 3. 

Proposal 7: Complete the TBS table (by taking Tables 1,2,3 as starting point) email discussion before RAN1#92.

Evaluation results for largest TBS:
In the figures below we show the performance of the maximum TBS for 1 and 2 layer TBS under Tx EVM of 0% and 1%. We see that peak data rate can be achieved at SNR of ~32dB for the case of 1 layer TBS, and ~34dB for the case of 2 layer TBS.
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Figure 1: Performance of largest TBS for TM3 in AWGN with 2 and 4 layers for 0% and 1% Tx EVM.



4. MCS table design
When defining the MCS table, RAN1 should decide if any of the legacy 256QAM TBS should use 1024QAM instead. We evaluated the performance of the three highest TBS for 256QAM, and compared the performance of these with respect to 256QAM. In Figure 2, we observe that:
- For 87936/175600, 256QAM outperforms 1024QAM, except for the case of 3 control symbols, where they show similar performance.
- For 97896, 1024QAM has better performance for 3 control symbols (256QAM is not decodable).
- For 195816, 1024QAM has better performance for 2 and 3 control symbols (256QAM not decodable for 3 control symbols)
- For 100752, 1024QAM has better performance for 2 and 3 control symbols (256QAM not decodable for 3 control symbols)
- For 201936, 1024QAM has better performance for 2 and 3 control symbols (256QAM not decodable for 2 and 3 control symbols)
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Figure 2 Performance of the 256QAM vs 1024QAM for 3 different 256QAM TBS sizes MCS (left – 2x2, right – corresponding 4x4 TBS). TM3/AWGN

Observation: The relative performance of 1024QAM and 256QAM for the existing 256QAM TBSs depends on the overhead in the allocated resources.

In summary, the optimum modulation scheme a given TBS depends on the overhead of the allocated resources. Thus, we propose to adopt a ‘dynamic’ MCS table, where the MCS table indicates the TBS only, and the modulation order is selected based on the determined TBS and the available set of resources. 

Proposal 8: Introduce ‘dynamic MCS table’, where the MCS table indicates the TBS only, and the modulation order is selected based on the determined TBS and the available set of resources 

5. New Categories
For the introduction of new categories, we propose to introduce at least two new ‘practical’ categories, based on 16 and 20 layer support of 1024QAM.
Proposal 9: Define new UE categories based on 16 layers and 20 layers 1024QAM
For the 16 layer UE, it actually achieves a very similar peak data rate as DL Cat 20, so we propose to just add an entry to support 1024QAM instead of creating a new category with very similar peak data rate and soft buffer size.
Table 4 Proposed new UE categories
	DL Category 20
	1948064 - 2019360 (Note 3)
	[299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
[TBD] 1024QAM]
149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported) 
125808 (2 layers, 1024QAM)

	24360960
	2 or 4 [or 8]

	DL Category 21
	[~2516400]
	[299856 (8 layers, 64QAM)
391656 (8 layers, 256QAM)
[TBD] 1024QAM]
149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
201936 (4 layers, 256QAM, if alternativeTBS-Index-r14 is supported)
251640 (4 layers, 1024QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM, if alternativeTBS-Index-r14 is not supported)
100752 (2 layers, 256QAM, if alternativeTBS-Index-r14 is supported) 
125808 (2 layers, 1024QAM)

	[~30178080]
	2 or 4 [or 8]



Proposal 10: Introduce the categories in Table 4.
6. Summary
In this contribution we presented our views on the introduction of 1024QAM for PDSCH. We made the following conclusions and proposals
Proposal 1:  The same modulation definition is used for initial transmission and retransmissions.

Proposal 2: Introduce two maximum  entries for 1024QAM, with an RRC parameter selecting between both.

Proposal 3: The two maximum  entries correspond to the following two assumptions on overhead per PRB:
1) 136REs for PDSCH, corresponding to 1 control symbols, 4 CRS ports
2) 128REs for PDSCH, corresponding to 2 control symbols, 4 CRS ports.

Proposal 4: Have a new entry corresponding to the following assumption on overhead per PRB:
1) 116REs for PDSCH, corresponding to 3 control symbols, 4 CRS ports.

Proposal 5: Five new TBS entries are introduced for 1024QAM.
	- 3 Entries (35, 37A, 37) corresponding to the 3 overhead assumptions above (highlighted in Table 3) 
	- 1 entry (36) corresponding to the approximate average TBS between 37A and 35.
	- 1 entry (34A) corresponding to the approximate average TBS between 33 and 35

Proposal 6: Adopt the new TBS entries for 100PRBs in Table 3. 
Table 3 TBS table for 100PRBs
	34A
	102928

	35
	106680

	36
	112608

	37A
	118536

	37
	125808



Proposal 7: Complete the TBS table (by taking Tables 1,2,3 as starting point) email discussion before RAN1#92.
Observation: The relative performance of 1024QAM and 256QAM for the existing 256QAM TBSs depends on the overhead in the allocated resources.
Proposal 8: Introduce ‘dynamic MCS table’, where the MCS table indicates the TBS only, and the modulation order is selected based on the determined TBS and the available set of resources .
Proposal 9: Define new UE categories based on 16 layers and 20 layers 1024QAM
Proposal 10: Introduce the categories in Table 4.
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