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1. Introduction
When defining UE capability categories for LTE, several distinct UE attributes need to be considered, including: 

a) minimisation of UE capability parameters
b) future-proofing of UE implementations

c) differentiation of UE form factor or product tiering

d) ease of ‘re-mining’ spectrum allocated to prior-generation systems

e) simultaneous support for multiple services, such as MBMS
f) minimisation of scheduler complexity

In [1] - [R2-071332, T-Mobile et al., “Guidelines on the Definition of LTE UE Classes”, WG2#57bis, March 25-30 2007], proposed that around 3-4 unique UE capability classes be defined to permit a good trade-off between early time to market, product tiering, eNB scheduler complexity and UE implementation complexity. This contribution further explores how this desirable goal might be achieved, and makes an initial proposal for a set of UE capability categories consistent with the attributes defined above.
This revised RAN1/2 document is being presented in RAN4 to ensure that issues related to UE capabilities need to be considered when defining the performance requirements. In particular support on the maximum number of UL and DL RB may require RAN4 to ensure the performance requirements are consistent with UE capabilities.   A similar consideration may also apply to the eNode B but to a lesser extent 

2. Discussion – Elements of UE Capability 

2.1. UE Minimum Transmit and Receive Bandwidth
The minimum capability UE receive bandwidth was determined in ‎[3] (and subsequent work) to be 20MHz. Similarly, ‎[5] defines the minimum capability UE transmission bandwidth as the minimum of 20MHz and any restrictions imposed by RAN4 requirements. Accordingly, there is a clearly defined requirement that UE’s operating in a radio band for which 20MHz operation is specified should be capable of supporting such operation, if configured by the network. 
However, as discussed in ‎[4], 20MHz operation will not necessarily be configurable in all radio bands, and indeed it is likely that different radio bands will support different maximum bandwidths. Further, it is clear that the 20MHz bandwidth support requirement – in bands where such operation is defined – is limited to specific functions, such as receiving the PDCCH, initial and non-initial cell search etc. It is not anticipated that all UE’s will need to support continuous reception of PDSCH data transmission in all resource blocks (RB’s) delivered by the network in a 20MHz bandwidth.
2.2. UE Modulation Support
To the greatest extent possible, the supported modulation types should not be a UE capability. Rather, as agreed, the LTE downlink modulation types of QPSK, 16QAM, and 64QAM are mandatory for all UE’s, along with support for uplink modulation types of QPSK and 16QAM. The status of 64-QAM uplink support requires further study.
2.3. Number of UE Antenna Ports

The baseline UE minimum antenna provisioning assumption for LTE performance specification and assessment has been two receive antennas and a single transmit antenna, and this is an appropriate configuration on which to base an initial specification of UE capability. Nevertheless, the current LTE specifications supports up to 4 MIMO streams on the downlink, and so – in order to fully define the potential for LTE – the capability of devices to potentially support such a MIMO configuration should be recognised from the outset. Mandatory provisioning of a second physical UE transmission antenna (e.g. for the purpose of switched UE transmit diversity) should not be required.
2.4. UE Duplex Mode
The possibility that some FDD-capable UE’s could be defined as half-duplex (HD) devices would obviously have an impact on the capability (supportable peak rate etc.) of such devices compared to full duplex (FD) UE’s. Clearly, however, the lack of detail currently available in the specification covering multiple access modes for HD UE’s prevents a detailed analysis of the impact of feature. Accordingly, for the present purpose we assume the capability of HD-FDD UE’s is upper-bounded by FD-FDD UE requirements, and so we do not propose distinct categories for HD-FDD operation here. Similar arguments apply to TDD devices, which again can be for further study.
2.5. UE Multi-RAT Support

Clearly, UE’s will report information on their capability to support other RAT’s, such as GSM, UTRA-FDD etc. for delivery to the controlling eNB, MM or other entity for the purpose of mobility measurement optimisation and mobility control.
3. UE Capability Categories
3.1. UE Categories – Downlink Shared Channel
In HSDPA, the HS-DSCH UE capability was defined using 4 different mechanisms. First, the maximum transport block size was computed by;

i) Assuming a maximum permissible number of physical radio resources in the range 5-15 PDSCH codes,
ii) Specifying the number of spatial streams allocated to the UE. Additional mechanisms for data rate and H-ARQ buffer size limitation were introduced via 
iii) Modulation type restriction (to QPSK) or by 
iv) Specifying a minimum interval between successive (per TTI) transmissions to an individual UE. The maximum code rate varied between 0.7-1.0.
For LTE, it is proposed that DL-SCH UE capability be defined in terms of
i) the maximum number of RB’s that can addressed to a UE in a subframe, where the UE is assumed to be addressable on a continuous basis with the same or fewer number of RB’s per subframe, and 
ii) The maximum number of spatial stream supported by the UE.
Table 1 lists the maximum data rate (assuming continuous uniform addressing, without interruption by e.g. P-BCH transmission etc.) for a total of six DL-SCH categories. The first four categories assume two spatial streams are supported, while the remainder support 4 streams. The number of RB’s allocable per subframe varies over {10, 25, 50, 100} for the 2-stream cases, and over {100, 200} for the 4 stream cases.
 In computing the maximum soft buffer size, it is assumed that a total of 6 H-ARQ processes are defined, although this may of course be adjusted following further work in RAN1 on timing and H-ARQ buffer addressing. Note also that, for simplicity, the number of H-ARQ processes is not distinguished according to the number of available streams, but that the data rate soft buffer dimensions recognise the number of streams per transmission. 
Total soft memory size requirements are listed for the cases both with stage 1 rate matching (RM) and without stage 1 RM, assuming the adopted mother code rate of 1/3. It is also assumed that – as a “worst-case”– a minimum of 1 OFDM symbol per subframe is assigned for PDCCH allocation.
	Category
	Max. # MIMO Streams
	Max. # RB’s
	H-ARQ Soft Buffer Size
(kilo Locations)
With (Without) Stage 1 RM
	Peak Data Rate
(Mbps)

	1
	2
	10
	100.8 (302.4)
	12.6

	2
	2
	25
	252 (758)
	31.5

	3
	2
	50
	504 (1512)
	63

	4
	2
	100
	1008 (3024)
	126

	5
	4
	100
	1900.8 (5702.4)
	237.6

	6
	4
	200
	3801.6 (11404.8)
	475.2


Table 1 – Example DL-SCH UE downlink capability category set.
Figure 1 compares the resulting categories (both with and without stage 1 RM) to HSDPA DL-SCH categories defined to date, including 64-QAM and MIMO (16-QAM) categories. Note that in the figure, the maximum data rate is based on a defined maximum code rate of 3/4, but clearly the maximum supportable data rate would be increased by 33% if the supported maximum code rate approaches unity. Table 1 summarises the set of UE DL-SCH capability categories arising from this approach.
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Figure 1 – Comparison of HSDPA HS-DSCH and LTE DL-SCH related capabilities.
3.2. UE MBMS Categories
A similar set of example categories to those specified in Table 1 can be defined for MBMS reception. At the outset, for any point-to-point (ptp) MBMS modes, it is reasonable to assume that MBMS service delivered via single-cell DL-SCH mode can be included in the DL-SCH categories of Table 1.
The task of specifying UE capability requirements for MCH MBSFN operation is simplified, however, by the time-division multiplexing between DL-SCH and MCH associated subframes, since the UE is not required to process both types of transport channel in a single subframe. Further, for MBMS delivery via MCH MBSFN, H-ARQ re-transmission is not applied and multi-stream operation is also not specified at present.
The lack of specified H-ARQ acknowledgement means that MCH transport blocks need not necessarily obey the same timing constraint for decoding as DL-SCH transport blocks. At the same time, given the adopted approach of time-division multiplexing individual SFA’s on a subframe basis, it is quite likely that an individual UE will not be required to continuously receive a sequence of MCH-associated subframes (indeed, at least subframes 0 and 5 will not be MCH-allocated), but allocation of a “burst’ or group of adjacent MCH-allocated subframes appears possible.
From the perspective of defining a maximum MBSFN MCH data rate however, it seems reasonable to align the maximum data rate capabilities of the MBMS categories to the first two downlink unicast categories in Table 1, which suggests Table 2.
	Category
	Max. # MBMS MIMO Streams
	Max. # RB’s
	Peak Data Rate
(Mbps)

	1
	1
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	1
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Table 2 – Examples of MCH MBSFN UE capabilities.
Table 2 exploits the absence of dynamic scheduling for MBSFN MCH to permit the maximum number of RB’s allocable per subframe to scale according to an activity factor captured b parameter
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 is defined so that if the UE is required to decode an MCH on every subframe, then
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, while for 1 out of every 3 subframes 
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 and so on.
3.3. UE Categories – Uplink Shared Channel

Further study is needed on 64-QAM support before categories can be defined for UL-SCH used. In particular, further work is required in RAN4 to identify likely operational uplink bandwidths.
4. Conclusions

In this contribution an initial set of UE capabilities are defined for DL-SCH and MBSFN MCH respectively. The following should be noted:
1) for DL-SCH, it is proposed that i) the maximum number spatial streams, and ii) the maximum number of RB’s receivable per subframe should be used to drive the fundamental capability
a. 4 categories supporting two streams should be defined, along with a further two categories supporting 4 streams according to Table 1. The UE supported bandwidth remains consistent with ‎[3]

 REF _Ref163951886 \r \h 
‎[4].
finalisation of DL-SCH UE capabilities depends on further detail regarding stage 1 rate matching and the maximum supportable code rate per transport block.
b. DL-SCH H-ARQ soft memory should be reconfigurable per H-ARQ process on a semi-static basis, as in HSDPA.
2) for MBSFN MCH, it is proposed that the maximum number of RB’s receivable per subframe, modified by the allocated MCH activity factor should be used, according to Table 2.
3) for UL-SCH, categories should be further studied conditioned on determination of 64-QAM support.
Finally, it is also worth noting that further adjustments to UE capability parameters could be made as RAN4 finalises work on operational bands and bandwidths for LTE, especially at the lower end of the capability range.
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6. Appendix A – Capability Category Detail
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Table 3 – Downlink DL-SCH capability category detail.
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Table 4 – MBSFN MBMS capability category detail.
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