[bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #78,	R1-143314
Dresden, Germany, 18th – 22th August 2014

Source:	Ericsson
Title:	UE category solution for 256QAM support
Agenda Item:	7.2.1.1
Document for:	Discussion and Decision

[bookmark: _Ref301342314]Introduction
Progresses have been made in the introduction of DL 256QAM in Rel-12 at the RAN #77 meeting [1]. Regarding UE category handling, below agreements have been made:
· Introduce signaling to indicate UE support for 256QAM
· Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner should be decided by RAN4
· One new UE category with 256QAM is introduced
· ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM
· “Total number of soft channel bits” [47 431 680 bits]
· FFS: Support existing UE categories or new UE category
A way forward proposal co-sourced and supported by 13 companies and operators to provide a low-cost solution to UE Category handling for 256QAM support was presented and discussed [2]. The motivation and proposal details are discussed in [3].
In this contribution, we further discuss UE category solution for 256QAM support.
Background and motivation of Rel-8 soft buffer memory design
[bookmark: _GoBack]Soft buffer memory hardware is implemented in the UE to support HARQ protocol. When decoding of a TB is not successful, the received soft bits are stored by the UE to be combined with those received in later retransmissions. During Rel-8 standardization, investigation had shown HARQ combining provides substantially gains over simple ARQ retransmissions. At the same time, it was also recognized soft buffer memory hardware is required to operate with very high throughput and low latency. It is hence normally integrated within baseband chip and occupies large area and cost shares of baseband chips. A careful tradeoff between performance and hardware costs is necessary. 
It was hence agreed for Rel-8 to adopt a limited buffer approach and not to scale the soft buffer sizes indiscriminatorily. More specifically, while rank-1 DL transmissions can operate HARQ based a mother code rate of 1/3, higher-rank DL transmissions will only operate with mother rate of up to 2/3. Similarly, the same total size of the soft buffer designed to support 8 HARQ processes is used for different TDD UL/DL configurations, some which operates more than 8 HARQ processes.
Observation 1 Since Rel-8, the design of the soft buffer memory has always required careful tradeoff between cost and benefits. The soft buffer size should not scale indiscriminatorily to enable cost-effective UE implementation.
For LTE up to Rel-11, 10 UE Categories have been defined subclause 4.2 in [4], which are replicated in Table 1 below. With the introduction of 256QAM, the capabilities will be affected. For a UE supporting maximum 2 spatial multiplexing layers, the maximum number of bits of a DL-SCH transport block received within a TTI can be expected to be raised from 75376 to 97896 (see, for example, 256QAM TBS proposal [5]). For a UE supporting maximum 4 spatial multiplexing layers, the maximum number of bits of a DL-SCH transport block received within a TTI can be expected to be raised from 149776 to 195816. For a UE supporting maximum 8 spatial multiplexing layers, the maximum number of bits of a DL-SCH transport block received within a TTI can be expected to be raised from 299856 to 391656.
A straightforward solution to handle these increased numbers of received bits is to define new UE categories requiring the UE to increase memory hardware to store the received bits. Possible examples are illustrated in Table 1. This type of solutions requires substantial increase in UE memory hardware costs. For instance, a Category 16 UE will need to be equipped with enough memory to store 4743168 soft channel bits instead of 3654144 soft channel bits for a normal Category 6 UE. However, as the analysis presented in the following sections show, such additional hardware cost increase is not justified with the limited use cases and benefits.
Observation 2 It is important to keep Rel-12 LTE cost-competitive by avoiding hardware cost increase unjustified with realistic use cases and benefits.
[bookmark: _Ref378936658]Table 1 Downlink physical layer parameter values set by the field ue-Category with larger total number of soft channel bits for supporting 256QAM
	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

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)
75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)
75376 (2 layers)
	5481216
	2 or 4

	[Category 14]
	[195792]
	[97896]
	[2371584]
	2

	[Category 15]
	[391632]
	[195816]
	[4743168]
	4

	[Category 16]
	[391632]
	[195816] (4 layers)
[97896] (2 layers)
	[4743168]
	2 or 4

	[Category 17]
	[391632]
	[195816] (4 layers)
[97896] (2 layers)
	[4743168]
	2 or 4

	[Category 18]
	[3916560]
	[391656]
	[47431680]
	8

	[Category 19]
	[587376]
	[195816] (4 layers)
[97896] (2 layers)
	[7114752]
	2 or 4

	[Category 20]
	[587376]
	[195816] (4 layers)
[97896] (2 layers)
	[7114752]
	2 or 4


Rel-12 soft buffer solution for 256QAM DL
In the following, we propose a cost-efficient solution for UEs to support the introduction of 256QAM. This proposal is similar to the solution adopted in Rel-10 to support limited soft buffer for carrier aggregation. The rate matching parameters on the eNB side are set to the same values regardless of the number of aggregated cells. In the event of unsuccessful decoding, the UE is required to store an amount of soft channel bits that is inversely proportional to the number of aggregated cells.
[bookmark: _Ref377975355]Table 2: Reusing UE categories supporting 256QAM in DL
	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

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376 
	1237248
	2

	Category 4
	150752
	75376 
	1827072
	2

	Category 4A
	195792 (256QAM)
	97896 (256QAM)
	1827072
	2

	Category 5
	299552 
	149776 
	3667200
	4

	Category 5A
	391632 (256QAM)
	195816 (256QAM)
	3667200
	4

	Category 6
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 6A
	391632 (256QAM)
	195816 (4 layers, 256QAM) 
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 7A
	391632 (256QAM)
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)
75376 (2 layers)
	5481216
	2 or 4

	Category 9A
	587376 (256QAM)
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)
75376 (2 layers)
	5481216
	2 or 4

	Category 10A
	587376 (256QAM)
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	5481216
	2 or 4



One factor for the proposal is that the UE has higher processing requirements if the UE is capable of receiving 256QAM. That is, a UE supporting 256QAM should have the processing power and memory resource (which was referred to as the “instantaneous buffer” during Rel-10 discussion) to process the reception of the largest 256QAM transport block. This allows the eNB to set the rate matching parameters based on this larger “instantaneous buffer” to prepare the transmission. However, if the decoding is not successful, UE will only be required to store the same number of soft channel bits as is determined based on the currently defined UE category. More specifically, taking a Category 4A UE in above table as an example, a single codeword with a transport block size of 97896 can be used to transmit data to the UE supporting 256QAM. The maximum number of received soft channel bits of this transport block size over all initial and re-transmissions is 3*97896+12=293700. However, in case of an unsuccessful decoding, the UE will store only 1827072 / 8 = 228384 soft channel bits. 
With this proposal, the existing UE Categories can be upgraded to support 256QAM DL by keeping the “Total number of soft channel bits” unchanged,  but with increased capability of receiving more transport block bits within a TTI. This is a cost-efficient proposal and the details are illustrated in Table 2.  Category 4A, 5A, 6A, 7A, 9A and 10A are introduced to support DL 256QAM based on existing UE categories 4, 5, 6, 7, 9 and 10 by reusing the soft buffer memory hardware. The “Maximum number of bits of a DL-SCH transport block received within a TTI” is set to a larger value to support higher data rate. The tentative numbers in Table 2 are set based on our TBS proposal in [5]. The “Maximum number of DL-SCH transport block bits received within a TTI” for up to two codewords are adjusted accordingly for each UE category supporting 256QAM peak data rate.
With the proposed approach, DL 256QAM can be supported based on existing UE categories, i.e., existing soft buffer memory hardware can be reused. It is a cost-efficient manner to support DL 256QAM and can speed up the implementation and application of 256QAM in DL in LTE. This is illustrated in Figure 1. The introduction of 256QAM DL support does not require overall UE architecture change. It’s natural that the UE shall have increased computational power to process the received 256QAM modulation symbols and to decode the higher data rates. However, there is no need to increase any of the buffer memory sizes for these categories with 256QAM support.
Observation 3 Introduction of 256QAM DL support in Rel-12 requires UE to have increased computational power to process the received 256QAM modulation symbols and to decode the higher data rates. Cost-effective and faster-to-market solutions for Rel-12 UEs can be enabled by not increasing the soft buffer memory sizes.
[image: ]
[bookmark: _Ref387235617]Figure 1 Potential UE implementation schematic.
Performance analysis of the cost-effective 256QAM DL soft buffer solution
Initial transmission
As the SI phase investigation has shown, 256QAM DL is expected to be used when the UE is located in very favorable radio conditions, for example, when the UE is served by a close-by eNB with few other interfering radio signals in the frequency band. Typically, this translates into above 25 dB SINR for rank-1 256QAM and above 32 dB SINR for rank-2 256QAM shown in Figure 2. To use the largest 256QAM TBS, the required SINR is above 37 dB for rank 1 and above 42 dB for rank 2, respectively. In practice, the eNB TX EVM and the UE impairments act as interference floor in addition to noise and interference in the radio environment. For example, 2% TX EVM assumption can limit the SINR to 34dB which may be further degraded due to UE impairments. Hence, the use cases for 256QAM, especially for using the largest 256QAM transport blocks and with higher ranks, may be limited.
The cost-effective solution does not impact the reception of the initial transmission, which is purely handled by the enhanced UE RF and computational capability to support 256QAM. Since CQI reporting is based on initial transmission reception performance, RRM operations are not impacted. For the favorable low-mobility radio conditions with close-by eNB and few, if any, interfering signals, the eNB can be expected to perform better link adaptation. For achieving the peak rate benefits brought about the 256QAM DL, it is generally necessary to target lower initial transmission error rates to avoid many retransmissions. This is because operations targeting many retransmissions would completely void the peak rate enhancement purpose of using the 256QAM DL and with high spatial ranks.
Observation 4 256QAM DL transmissions are feasible only in very high SINR scenarios with rank-2 256QAM transmissions operating above 32 dB. The cost-effective solution does not impact initial transmission performance and RRM operations. For achieving the peak rate benefits brought about the 256QAM DL, it is generally necessary to target lower initial transmission error rates to avoid many retransmissions.
[image: ]
[bookmark: _Ref387326774]Figure 2 Required SINR for achieving BLER=0.1 with different MCSs.
2nd transmission
A 20MHz LTE carrier with 256QAM can deliver 96000 coded bits based on 120 RE/PRB configurations or 108800 coded bits based on 136 RE/PRB configurations. The soft buffer size according to the cost-effective solution is Nsoft = 1827072×L, where L is the number of spatial layers mapped by a transport block. Therefore, the soft buffer size for a transport block with L spatial layers is given by
· If KMIMO = 1, nTB = 228384
· If KMIMO = 2, nTB = 114192×L
Therefore, there is more than enough soft buffer memory to store all received soft channel bits of the initial transmissions according to the cost-effective UE solution. Therefore, the link performance of 
· 2nd transmissions with any spatial rank and 
· 3rd transmissions with rank-1 
is not affected by the proposal and the HARQ retransmission gains are fully preserved by proposal.
In Rel-8 design, rank-1 DL transmissions can operate HARQ based a mother code rate of 1/3 and higher-rank DL transmissions will only operate with mother rate of up to 2/3. For Rel-12 256QAM, the same mother code rate support for HARQ can be achieved by eNB providing more coded bits in the rate matching process as shown in the Appendix. A set of results using the Cat 4 UE with 256QAM rank-2 transmissions as an example is illustrated in Table 3. It can be observed that the 1st retransmissions provide link performance gains of more than 8 dB over the initial transmissions.
[bookmark: _Ref387239361]Table 3 Example HARQ gains for Cat-4 UE with rank-2 256QAM PDSCH of two transmissions vs one transmission at 10% transport block error rates.
	256QAM transport block size
	HARQ gains after 2 transmissions [dB]

	97896*
	8.4

	84760
	9.1

	81176
	9.2

	78704
	8.6

	75376
	8.4


	* based on 136 RE/PRB.
Observation 5 The cost-effective solution can buffer all soft channel bits received from the initial transmission. Large HARQ retransmission link gains (>8 dB) from are fully captured by the cost-effective solution. 
More retransmissions
Larger soft buffer hardware than the cost-effective solution is actually used only when 
· the decoding of a large rank-1 transport block fails after 3 transmissions or 
· the decoding of a large higher-rank transport block fails after 2 transmissions. 
These are unlikely and easily avoidable cases for the 256QAM usable scenarios. For the favorable low-mobility radio conditions with close-by eNB and few, if any, interfering signals, the eNB can be expected to perform better link adaptation. For achieving the peak rate benefits brought about the 256QAM DL, it is generally necessary to target lower initial transmission error rates to avoid many retransmissions, which would completely void the purpose of using the 256QAM DL and with high rank. Note further that the HARQ link gains from the 2nd transmissions alone are greater than 8 dB. Therefore, it is unjustified to increase the soft buffer hardware cost by 33% for very limited use cases. The cost-effective soft buffer solution is preferred to keep Rel-12 LTE products cost-competitive.
Observation 6 For the favorable radio conditions conducive to 256QAM DL transmissions, it is generally easy and necessary to avoid many transmissions in order to capture the enhanced peak rate benefits brought about by 256QAM DL. Additional soft buffer hardware can be used only rarely for corner operation cases and it is, therefore, unjustified to increase the soft buffer hardware cost by 33% for such very limited use cases.
Conclusions
In this contribution, we proposed a cost-efficient manner to handle 256QAM UE category in small cell scenarios. Based on the discussions, we made below observations and proposals 
Observations:
· Since Rel-8, the design of the soft buffer memory has always required careful tradeoff between cost and benefits. The soft buffer size should not scale indiscriminatorily to enable cost-effective UE implementation.
· It is important to keep Rel-12 LTE cost-competitive by avoiding hardware cost increase unjustified with realistic use cases and benefits.
· Introduction of 256QAM DL support in Rel-12 requires UE to have increased computational power to process the received 256QAM modulation symbols and to decode the higher data rates. Cost-effective and faster-to-market solutions for Rel-12 UEs can be enabled by not increasing the soft buffer memory sizes.
· 256QAM DL transmissions are feasible only in very high SINR scenarios with rank-2 256QAM transmissions operating above 32 dB. The cost-effective solution does not impact initial transmission performance and RRM operations. For achieving the peak rate benefits brought about the 256QAM DL, it is generally necessary to target lower initial transmission error rates to avoid many retransmissions.
· The cost-effective solution can buffer all soft channel bits received from the initial transmission. Large HARQ retransmission link gains (>8 dB) from are fully captured by the cost-effective solution. 
· For the favorable radio conditions conducive to 256QAM DL transmissions, it is generally easy and necessary to avoid many transmissions in order to capture the enhanced peak rate benefits brought about by 256QAM DL. Additional soft buffer hardware can be used only rarely for corner operation cases and it is, therefore, unjustified to increase the soft buffer hardware cost by 33% for such very limited use cases.
Proposal: 
· Supporting DL 256QAM by reusing soft buffer memory hardware sizes of existing UE categories to speed up adoption and to economize UE implementation of 256QAM DL for LTE, i.e., introducing UE category 4A, 5A, 6A, 7A, 9A and 10A which are based on the buffer memory sizes of UE 4, 5, 6, 7, 9 and 10.
· 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 DL 256QAM
· Keep the “Total number of soft channel bits” the same as the existing UE categories
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