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Discussion and Decision
1. Introduction
In RAN1#78 the support of 256QAM for UE categories was discussed. For 256QAM capable UEs it has been agreed to introduce new UE categories with increased data rate based on the data rates of the existing (defined before Rel-12) UE categories 6/7 and 9/10. The main motivation of such extension is to support higher data rates under the same CA capability of the UE. 
In RAN1#82bis, RAN1 further discussed the specification impact due to introduction of 256QAM support for UE category 10 and below and the following conclusions were made:

	Conclusions:

· There is no consensus in RAN1 about R1-156339, and RAN1 chair recommends interested companies to submit it to RAN plenary

· RAN1 assumes R1-156339 as technically correct without a following text

· RAN1 study showed that the support of 256QAM for the UE categories 10 and below is beneficial




In RAN2#92, the CR based on the above RAN1 conclusion [3] was technically endorsed.
In this contribution we discuss possible advantages of supporting 256QAM in the UE categories 6/7/9/10. Based on the discussion we propose to add support of 256QAM to the UE categories 6/7/9/10 starting from Rel-12 in order to provide more flexible and transparent use of 256QAM feature not tied to the specific UE processing capabilities defined according to UE categories.
2. Discussion
In RAN1#78 the support of DL 256QAM for UE categories was discussed. For 256QAM capable UEs it was agreed to introduce new UE categories with increased data rate based on the data rates of the existing (defined before Rel-12) UE categories 6/7 and 9/10 [1].
	Agreements:
· UE categories 6, 7 can indicate support for 256QAM
· The field “Total number of soft channel bits” is not changed

· Update two fields in UE category “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of bits of a DL-SCH transport block received within a TTI”  to support 256QAM peak data rate
· No RAN1 specification impact

· Introduce two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, it will be approximately 600 Mbps

· New UE categories will have an optional support of 256QAM

· It means that existing categories except for 6 and 7 will be not changed


After further discussion in RAN and RAN2, the following new UE categories were actually introduced instead of supporting 256QAM in the existing UE categories:

· UE Cat-11/12 (600Mbps): Based on UE Cat-9/10 + additional 256QAM

· UE DL Cat-13 (400Mbps): Based on UE Cat-6/7 + additional 256QAM
Based on the above agreements and also as captured in TS 36.306 [2], UE categories 10 or below defined before Rel-12 (except UE Cat-11/12) could not support 256QAM. On the other hand, such UE categories may be available on the market soon and in the long term, and support of 256QAM could provide the performance improvement and more flexibility by using 256QAM feature in various deployment scenarios which will be discussed below. 
Observation:

· Comparing to other features which are typically UE category agnostic, 256QAM is not supported in many UE categories that may be available on the market soon and in the long term.
Use cases of 256QAM for UE categories 10 and below 

The support of 256QAM in the existing UE categories offers several benefits particularly for operators’ planning in conjunction with available spectrum. It is worthwhile noting that the assigned spectrums for the operators may not have a shape in the unit of 20MHz. In general, the operators need a tool to overcome such fragmented spectrum allocated in order to provide the best service for the customer. By using 256QAM, the target maximum data rate associated with UE category can be achieved by using 25% less amount of spectrum. More specifically, the target maximum data rate 450Mbps supported by UE Cat-9/10 in 2x2 MIMO configuration can be provided by aggregating 45MHz of spectrum instead of aggregating 60MHz spectrum when 256QAM is supported, which can provide more flexible deployment scenarios for operators. For 2x2 MIMO and 256QAM on all CCs, the possible bandwidth combinations resulting into 45MHz aggregated bandwidth are {20,20,5}, {20,15,10}, {15,15,15}, {20,10,10,5}, {20,15,5,5}, {15,15,10,5}, to name a few. If 256QAM in such bandwidth combinations are not supported, the maximum data rate that would be limited to approximately 337Mbps instead of possible 450Mbps if 256QAM is supported. 
It should be noted that the benefits of 256QAM are not limited to the specific bandwidth combinations mentioned above and can be observed in many other bandwidth combination. For example, when 256QAM configuration is used on the subset of the configured carriers and/or when 4x4 MIMO is supported the other bandwidth combinations can be further considered valid configurations. For example, for 2x2 MIMO support with 256QAM would be beneficial in CA combination “20MHz (64QAM) + 20MHz (256QAM) + 10MHz (256QAM), where the data rate of 450Mbps can be achieved by UE Cat-9/10 with 256QAM support comparing to 375Mbps if 256QAM support in UE Cat-9/10 is not allowed. Even for the scenarios with aggregated spectrum greater than or equal to 60MHz, the support of 256QAM by UE Cat-9/10 would be beneficial – for instance, by using 256QAM, the UEs with the same data rate may use less amount of RBs, therefore, releasing the additional physical resources for the downlink transmission to the other UEs. As another band combination example of “20MHz (256QAM) + 10MHz (256QAM) + 10MHz (256QAM)” with 2x2 MIMO, the support of 256QAM by UE Cat-9/10 would provide data 400Mbps while 64QAM support does 300Mbps.
For UE Cat-6/7, which would become more dominant in the market down the roads, the similar benefits of supporting 256QAM are observed. More specifically, in order to achieve the data rate of 300Mbps supported by UE Cat-6/7 in 2x2 MIMO configuration, 30MHz of aggregated spectrum bandwidth would be required for UE supporting 256QAM, comparing to 40MHz of aggregated spectrum bandwidth when 256QAM is not supported. For 2x2 MIMO and 256QAM on all CCs, the possible bandwidth combinations resulting into 30MHz of aggregated bandwidth are {20,10}, {15,15}, {10,10,10}, {15,10,5}, {15,5,5,5}. If 256QAM in such bandwidth combinations are not supported, the maximum data rate would be limited to approximately 225Mbps instead of possible 300Mbps if 256QAM is supported. Similar to UE Cat-9/10, the benefits of 256QAM for UE Cat-6/7 can be also observed in many other bandwidth combination if 256QAM configuration is assumed on the subset of the configured carriers and/or when 4x4 MIMO is supported. 
The summary of the examples between without and with 256QAM according to the various CA BW combination is shown in Table 1. 

Table 1: Examples of comparison between w/o and w/ 256QAM according to CA BW combination

	CA BW combination with 2x2 MIMO
	w/o 256 QAM at UE
	w/ 256 QAM at UE

	Cat9/10 with aggregated spectrum bandwidth 45MHz:
{20,20,5}, {20,15,10}, {15,15,15}, {20,10,10,5}, {20,15,5,5}, {15,15,10,5}, …
	~337Mbps
	450Mbps

	Cat9/10:
20MHz (64QAM) + 20MHz (256QAM) + 10MHz (256QAM)
	375Mbps
	450Mbps

	Cat9/10:

20MHz (256QAM) + 10MHz (256QAM) + 10MHz (256QAM)
	300Mbps
	400Mbps

	Cat6/7 with aggregated spectrum bandwidth 30MHz:
{20,10}, {15,15}, {10,10,10}, {15,10,5}, {15,5,5,5}
	225Mbps
	300Mbps


Observation:

· The spectrum allocations for the operators may be fragmented (e.g. not in the unit of 20MHz). 

· The support of 256QAM in the UE categories 10 and below would allow achieving the same data rate by using 25% less amount of spectrum comparing to ‘without 256QAM support’
· For UE Cat-6/7, 30MHz of aggregated bandwidth with 256QAM support is required to achieve the maximum data rate instead of 40MHz of aggregated bandwidth without 256QAM support
· For UE Cat-9/10 45MHz of bandwidth with 256QAM support is required to achieve the maximum data rate instead of 60MHz of bandwidth without 256QAM support
Flexibility of supporting of different deployment scenarios
The support of 256QAM would allow more flexible support of different deployment scenarios with a single UE category. For example, according to the current specification, if an UE has the baseband processing capability designed for 450Mbps and supports up to 3CCs + 2x2 MIMO + 256QAM, the UE will have to choose to report either UE Cat-9/10 (450Mbps) or UE DL Cat-13 (400Mbps) without knowing the network capabilities. 

Scenario 1: The deployment scenario based on Rel-12 is 2CCs + 2x2 MIMO + 256QAM (400Mbps), there are two cases:

· Case 1a: If UE reports UE Cat-9/10, the achievable data rate will be 300Mbps since the current Cat-9/10 cannot support 256QAM.

· Case 1b: If UE reports UE DL Cat-13, the achievable data rate will be 400Mbps according to the achievable data rate for DL Cat-13.

Scenario 2: The deployment scenario based on Rel-11 is 3CCs + 2x2 MIMO + 64QAM (450Mbps), there are two cases:

· Case 2a: If UE reports UE Cat-9/10, the achievable data rate will be 450Mbps.
· Case 2b: If UE reports UE DL Cat-13 (Rel-12), which will also indicate Cat-6/7 (Rel-10/11), the achievable data rate will be 300Mbps since the network does not support 256QAM. 
As shown in the example above, no matter UE reports Cat-9/10 or DL Cat-13, it will not be optimum to address different network deployment scenarios as UE does not know the network capabilities when reporting the UE category. If the support of 256QAM can be allowed for Cat-9/10, then the UE can always report Cat-9/10 and the achievable data rate can be maximized regardless of the network deployment scenario. 

Observation:

· The support of 256QAM in the UE categories 10 and below would allow more flexible support of various deployment scenarios with a single UE category.
Specification support to enable 256QAM in the UE categories 10 and below
The further explanations behind the technically endorsed RAN2 CR [3] are provided. Given that UE category implies specific baseband processing capability of the UE, introduction of the 256QAM feature in the UE categories 10 and below should not change the basic capabilities of the UE such as maximum data rate and soft buffer size. The example of possible support of 256QAM for UE DL Categories 6, 7, 9 and 10 under this assumption is shown in Table 2 below, where the proposed change is highlighted in red colour. It is assumed that the “Maximum number of DL-SCH transport block bits received within a TTI” and “Total number of soft channel bits” for UE category is kept the same regardless of 256QAM configuration at the UE.
Table 2: Downlink physical layer parameter values set by the field ue-CategoryDL in accordance to the proposal
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	…
	…
	…
	…
	…

	DL Category 6
	301504
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	DL Category 7
	301504
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	DL Category 9
	452256
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	5481216
	2 or 4

	DL Category 10
	452256
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	5481216
	2 or 4

	…
	…
	…
	…
	…


It should be also noted that instantaneous buffer size used to derive coded bits after rate matching should also remain constant and independent from 256QAM configuration at the UE. Given the above assumption, no RAN1 specification changes and some minor updates for TS36.306 (RAN2) on “Maximum number of bits of a DL-SCH transport block received within a TTI” are needed to support the introduction of 256QAM in the UE categories 10 and below.

Another minor modification is to allow dl-256QAM support for UE categories 6/7/9/10 in TS36.306. 

	4.3.5.7
dl-256QAM-r12
This field defines whether the UE supports 256QAM in DL. This field is only applicable for UEs of category 116,7,9-12 and UEs of DL category 116, 7, 9 and onwards. It is mandatory for UEs of DL category 13-14 to support this feature. A UE that supports 256QAM in DL shall support 256QAM in DL in all supported frequency bands.


Summarizing the discussion above we propose:

Proposal:
· RAN to agree 256QAM support for UE categories 6, 7, 9 and 10, from Rel-12 (inclusive) and beyond as optional
· RAN to approve the related CR [4]
3. Conclusions
In this contribution we have discussed advantages of supporting 256QAM in the UE categories 10 and below. Based on the discussion we have observed:

· Comparing to other features which are typically UE category agnostic, 256QAM is not supported in many UE categories that may be available on the market soon and in the long term.

· The spectrum allocations for the operators may be fragmented (e.g. not in the unit of 20MHz). 

· The support of 256QAM in the UE categories 10 and below would allow achieving the same data rate by using 25% less amount of spectrum comparing to ‘without 256QAM support’
· For UE Cat-6/7, 30MHz of aggregated bandwidth with 256QAM support is required to achieve the maximum data rate instead of 40MHz of aggregated bandwidth without 256QAM support
· For UE Cat-9/10 45MHz of aggregated bandwidth with 256QAM support is required to achieve the maximum data rate instead of 60MHz of aggregated bandwidth without 256QAM support
· The support of 256QAM in the UE categories 10 and below would allow more flexible support of various deployment scenarios with a single UE category.
Based on the observations we propose:

· RAN to agree 256QAM support for UE categories 6, 7, 9 and 10, from Rel-12 (inclusive) and beyond as optional

· RAN to approve the related CR [4]
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