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1. Introduction 

Aspects related to UE categories have been discussed in previous meetings [1]

 REF _Ref257798231 \r \h 
[2] . The main focus of the discussion has been on the carrier aggregation related aspects but also on the relation to other features introduced in Rel-10, namely DL and UL multi-antenna transmission schemes. In earlier discussions it also has been expressed that it would be desirable to keep the number of different UE categories low. In this contribution we discuss some aspects which would need to be accounted when defining signaling related to UE categories. Naturally issues are more related to RAN1 and RAN2, but it would appear that in case of carrier aggregation some consideration would be beneficial also in RAN4.
2. Discussion
As noted earlier in  [1] the implementation complexity to support carrier aggregation rises basically from two sources. Firstly the L1 and higher layers processing capability to be able to support the increased data rates and related signaling which raises from the total increased bandwidth. The required wider bandwidth especially in case of contiguous aggregation also imposes challenges to the RF parts and to RF-BB interface. In addition to these the different MIMO categories would need to be accounted. In this section we try to look these aspects. 
2.1. Physical layer parameters
RAN1 is currently working to define new multi-antenna transmission schemes in DL and UL.  Existing Rel-8/9 UE capabilities support up to 4 layers in DL, which is planned to be extended to 8 layers in Rel-10. Also the UL capabilities are planned to be extended up to 4 layers from single layer. Hence the categories currently listed in 36.306 will need to be extended to cover these. Currently downlink and uplink physical layer parameters are signalled jointly. Also transport channel and physical channel parameters are combined to single category. In this section we consider whether some modifications should be done to Rel-8 approach to better account carrier aggregation. 
In Rel-8/9 UE was required to support only single layer in UL, making maximum number of bits and 64QAM capability the only separating factors, combining UL and DL categories under same class appeared feasible. As the possible number of layers on DL and UL is increasing in Rel-10, the number of possible combinations increases. Therefore in order to reach limited set of combined UE categories, significant streamlining of the possible UL and DL combinations would need to be done. Some limitation to the combinations could be foreseen by requiring the number of layers in DL to be equal or larger than the number of supported layers in UL, but the number of possible categories would still appear to be rather high. Thus unless reasonably limited set of joint DL/UL capability categories can be formed without setting artificial restrictions, it might be best to separate signalling DL and UL categories. Naturally this does not limit the total number of combinations, but could simplify the interpretation.
Furthermore as increasing number of layers has certain implications to the physical requirements of the device it would seem relevant to be able to also separate the capabilities per supported band, also in case of carrier aggregation.  It could be envisioned that it could be feasible to support higher number of layers (e.g. 4 on DL and 2 in UL) for example on bands above 3GHz for certain form factors and device sizes, while lower number of layers would be possible on lower frequency bands (2 in DL, 1 in UL).  Especially in case of multimode terminals which could use same antenna to support different RATs, devices total radiated power requirements could limit the practical number of antennas. Furthermore this would enable better matching the terminal capabilities to the practical deployments. Hence it should be possible to signal physical channel parameters per supported frequency band.
In addition, as noted earlier the supported transport channel parameters would be extended to support increased maximum data rate due to carrier aggregation. Therefore it would appear that it would be most practical so signal single set of transport channel parameters which would be interpreted as an indication of the total capability over all aggregated bandwidth and frequency bands. 

2.2. CA combinations
Defining the carrier aggregation capability of the UE requires two sets of information. Firstly the frequency band or bands over which the aggregation is supported needs to be signalled. Secondly the supported bandwidth on each of the frequency bands needs to be given, separately for uplink and downlink. The approach currently used in draft LTE-A TR for UE is to introduce each carrier aggregation combination in a similar manner as a frequency band, including all the information on band combination and supported bandwidth. This would seem most natural approach and also signalling of the carrier aggregation capability could be done in a similar manner as supported frequency bands. Alternative way would be to signal separately the maximum aggregated bandwidth of each frequency band in a aggregation configuration, but it might be simplest and clearest to include this to the definition of the carrier aggregation configuration.
Some additional information would still need to be defined for each carrier aggregation configuration, though not necessarily to be separately signalled. The number of CC’s to be supported would need to be set, together with rules how different total bandwidths in case of contiguous aggregation would need to constructed. Current RAN1 assumption is that signalling would support at maximum 5 companioning carriers, but this does not seem necessary for all carrier aggregation classes. Following the approach that  single continuous allocation is always constructed by combining Rel-8 compatible carriers with maximum bandwidth and that aggregation can be done only over 20MHz bandwidths, the minimum number of CC’s to be supported can be derived. Hence for example for the 40MHz bandwidth 2 CC’s would need to be supported. As there does not seem to be any strong justification to require higher number to be supported than what is needed in minimum following table can be constructed. This would then determine how many CC’s (blind decoding attempts etc.) UE supporting a certain contiguous aggregated bandwidth would need to support. Noting also that in case of inter-band carrier aggregation the table relates separately to the contiguous aggregated bandwidth on each frequency band included in aggregation configuration.
Table 1. Number of CCs to be supported
	Contiguous aggregated bandwidht
	#CC

	BW  ≤ 20 MHz
	1

	20 MHz < BW ≤ 40 MHz
	2

	40 MHz < BW ≤ 60 MHz
	3

	60 MHz < BW ≤ 80 MHz
	4

	80 MHz < BW ≤ 100 MHz
	5


It was noted in [4] that empty DC-carrier needs to be reserved in case of direct conversion receivers architecture. As it would not seem practical to introduce additional DC-carriers for different aggregation combinations, it would be simplest and most straight forward to require that the contiguous aggregation is always symmetric in relation to the channel centre.  This together with the number of CC’s to be supported could be used to limit the number of different combinations, as discussed in [Petris TP[5]
3. UE categories

It is proposed that to formulate UE category in case of carrier aggregation, following parameters are signalled separately
· Single set of transport channel parameters would be signalled by UE, indicating the parameters for all carrier aggregation configurations

· Physical channel parameters (e.g. number of supported layers) would be signalled per supported frequency band. 

· Signalling of transport channel and physical channel parameters could be also separate for DL and UL if seen beneficial 

· Supported  carrier aggregation configuration is signalled in a similar manner as a frequency band support

· Carrier aggregation configuration determines the supported bandwidth on each frequency band for DL and UL
4. Conclusions

In this contribution we have discussed possible initial UE categories accounting different factors. It is proposed to consider partitioning the signalling related to UE capabilities to facilitate the extension to different carrier aggregation combinations. If the approach presented seems acceptable to RAN4, it could be considered sending an LS to other relevant WG’s regarding this.
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