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Discussion
This document discusses UE category modelling and the relation to soft buffer. This is update of R1-1711325.
In high level, UE complexity can be expressed by the amount of data processing and the amount of soft buffer size. The data processing part of the capability can be basically controlled by the declaration of the operating/supporting bandwidth. Then we think UE categories can be defined mainly based on the soft buffer size.
From HARQ soft buffering perspective, following operation requires the same amount of soft buffer. The soft buffer size can be expressed by the bandwidth and absolute time assuming the same modulation order and MIMO order among different bandwidth and subcarrier spacing. On the other hand, if wider bandwidth assumes less modulation order and/or MIMO layers, absolute time expressed below can be extended even if bandwidth is wider. Such assumption could be valid especially mm-wave. 
Table 1. Example configurations of the same soft buffer size
	Configuration number
	Assigned bandwidth
	Subcarrier spacing
	Symbols per slot (period)
	The number of HARQ process UE can buffer
	Bandwidth and absolute time relation

	1
	400
	60
	7 (0.125ms)
	8
	400 MHz x 1ms

	2
	400
	120
	7 (0.0625ms)
	16
	400 MHz x 1ms

	3
	200
	60
	7(0.125ms)
	16
	200 MHz x 2ms

	4
	200
	60
	14(0.25ms)
	8
	200 MHz x 2ms

	5
	100
	15
	7(0.5ms)
	8
	100 MHz x 4ms

	6
	100
	30
	7(0.25ms)
	16
	100 MHz x 4ms



LTE 5 CA capable UE would be basically corresponds to 100 MHz x 8 ms. With the same amount of soft buffer, it could be 400 MHz x 2ms.
We think the number of UE categories should be roughly 5 at NR phase 1 with considering the flexibility and complexity to manage large number of UE categories for each DL and UL respectively. To start 5 categories is same with LTE phase 8.
  
We think following 5 types of categories can be possibility. The HARQ buffer corresponds to absolute time expressed below should be supported. The meaning of following table is, for example, category 3 UE support either 10 MHz x 40ms soft buffer, 50MHz x 8ms soft buffer, 100 MHz x 4ms soft buffer, 200 MHz x 2ms soft buffer or 400 MHz x 1ms soft buffer. If this UE does not support frequency band corresponds to 400 MHz, it does not support  400 MHz x 1ms soft buffer operation. Therefore, the difference of the processing capability can be expressed by the operating bandwidth the UE supports. It means no need of additional capability corresponding to processing capability. If MIMO layer or modulation order is less in wider wideband, absolute time for HARQ buffer is corresponding to narrower bandwidth. For example, 400 MHz bandwidth but half modulation order or half MIMO layer corresponds to 200 MHz bandwidth.
Table 1. Possible categories and corresponding bandwidth and absolute time for HARQ buffer
	Category 
	10MHz bandwidth
	50MHz
bandwidth
	100MHz
bandwidth
	200MHz
bandwidth
	400MHz
bandwidth

	1
	10 ms
	2 ms
	1 ms
	0.5 ms
	-

	2
	20 ms
	4 ms
	2 ms
	1 ms
	0.5 ms

	3
	40 ms
	8 ms
	4 ms
	2 ms
	1 ms

	4
	80 ms
	16 ms
	8 ms
	4 ms
	2 ms

	5
	160 ms
	32 ms
	16 ms
	8 ms
	4 ms



Within the same category, as the starting point of the discussion, following should be supported.
- All numerologies supported in the supported band
- Both 7 and 14 symbol slot
- The number of HARQ process to buffer corresponding to above absolute time
These proposals are just first step of the discussion. We would like to continue/revise the proposal based on the further discussion.

Conclusion
This document pointed out the soft buffer size can be expressed by the bandwidth x absolute time. We propose UE categories are defined based on the soft buffer. The processing part related to demodulation/modulation can be expressed by the support of operating band. As the first step, we propose following UE categories. If MIMO layer or modulation order is less in wider wideband, absolute time for HARQ buffer is corresponding to narrower bandwidth. For example, 400 MHz bandwidth but half modulation order or half MIMO layer corresponds to 200 MHz bandwidth. 
Possible categories and corresponding bandwidth and absolute time for HARQ buffer
	Category 
	10MHz bandwidth
	50MHz
bandwidth
	100MHz
bandwidth
	200MHz
bandwidth
	400MHz
bandwidth

	1
	10 ms
	2 ms
	1 ms
	0.5 ms
	-

	2
	20 ms
	4 ms
	2 ms
	1 ms
	0.5 ms

	3
	40 ms
	8 ms
	4 ms
	2 ms
	1 ms

	4
	80 ms
	16 ms
	8 ms
	4 ms
	2 ms

	5
	160 ms
	32 ms
	16 ms
	8 ms
	4 ms



Within the categories, as the starting point, we propose following.
[bookmark: _GoBack]- All numerologies supported in the supported band
- Both 7 and 14 symbol slots (if both are specified)
- The number of HARQ process to buffer corresponding to above absolute time
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