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1. Introduction
In RAN1#76bis, there was a first discussion on UE category definitions for 256QAM, along with a way forward in [1] (not agreed). In this contribution we provide our views on how to introduce 256QAM in the UE category definitions.
2. Discussion on 256QAM UE categories
There are basically two approaches on the introduction of 256QAM into the UE categories. Either 1) completely new UE categories are defined for the purpose, or 2) separate UE capability signaling is introduced, with a linkage to a subset of UE categories. It is noted that even with the separate UE capability signaling, it may not be necessary to enable the support in all UE categories (as will be discussed below in more detail).

Our preference between the two approaches is to introduce separate UE capability signaling. Otherwise, if new UE categories would be introduced instead, one would still need to choose which existing UE categories those should be based on, and potentially define quite many new UE categories, for instance supporting either two or three downlink carriers. This would also mean that if later new UE categories would become introduced for other reasons, the need to establish similar categories with or without 256QAM support should be evaluated every time. On the other hand, having the separate UE capability signaling provides a more flexible approach as it avoids any hard linkages between the UE category and support of 256QAM, and allows directly the implementation of 256QAM (almost) independently of the UE category. It is noted that for similar reasons the support of UL 64QAM is being decoupled from the UE category definitions. Thus, establishing new UE capability signaling for 256QAM provides a more flexible and also a more future-proof solution.
A separate question is then whether the capability signaling should be band or band combination –specific. Since the main challenges in the implementation of 256QAM capability in the UE involve RF aspects, there may be some additional challenges depending on the frequency band or CA band combination. For instance, phase noise can be band-dependent. Furthermore, at least with TDD carrier aggregation with different TDD switching points, or with TDD-FDD carrier aggregation where the UE might be simultaneously transmitting on one band and receiving on another band, there could be some additional challenges in enabling good enough reception SNR for 256QAM. At the same time the same UE could be perfectly capable of 256QAM demodulation within one band, or within an FDD-FDD CA band combination. From our perspective, it could be beneficial to make this signaling band and band combination –specific, however at the same time we do recognize that this issue may require some RAN4 involvement.

Proposals:

· Introduce separate UE capability signaling for 256QAM.
· FFS whether this needs to be band and band combination –specific – consider sending an LS to RAN4 asking for guidance.
Once it is agreed to introduce the capability signaling, the next question is in which UE categories the capability signaling should be applicable. To this issue it can be first noted that for UE categories 1-3 the peak data rate is already limited by the maximum number of DL-SCH transport block bits received within a TTI, which has been set lower to enable implementation of UEs with less PDSCH processing power compared to the theoretical maximum at 20 MHz bandwidth. Assuming that this principle would not be changed due to 256QAM support, the 256QAM capability in a category 1-3 UE could only be beneficial from system perspective as the same PDSCH data can be transmitted on fewer radio resources in frequency domain. However, the main gains of 256QAM happen in scenarios with a very small number of UEs (even only one), in which case it would be beneficial to transmit the PDSCH data to the UE in as few subframes as possible, in particular if the cell is on/off capable. For this purpose, in UE categories 1-3, an increase in the maximum number of DL-SCH transport block bits received within a TTI would be required. Still, from UE perspective, this might not provide sufficient motivation for implementing 256QAM. Hence we do not think support of 256QAM is needed in UE categories 1-3.
When it comes to UE category 4, the market situation by the time of Rel-12 practical small cell network deployments is likely to be such that UEs of category 6 and above are predominant at that point of time. Hence, introducing the support of 256QAM to UE category 4 may not be that essential.
Finally, it is rather clear that the possibility of supporting 256QAM should be included in UE categories 6-10. These are the core UE categories for supporting carrier aggregation and can be expected to be dominant within the timeframe of first Release 12 small cell deployments. 256QAM has shown most benefits in case of indoor small cell scenarios where it is typically assumed that the UE is connected to the small cell as SCell while at the same time maintaining its coverage via a macro PCell. In other words, support of CA has been assumed. 

Proposal:

· The capability signaling shall be applicable to existing UE categories 6-10.

Finally, the physical layer parameters set by UE category need to be agreed on for the case that the UE supports 256QAM. It has been already proposed in many contributions that the soft buffer size would not be increased due to 256QAM [2]
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[3]. Increasing the soft buffer size would provide only marginal benefits at the expense of UE cost and complexity, thus we support the proposal not to increase the size. Considering then the maximum number of bits of a DL-SCH transport block received within a TTI, this parameter clearly needs to be increased in proportion to ~1.33x compared to 64QAM in order to be able to reap the main benefits of 256QAM. Finally, the parameter maximum number of DL-SCH transport block bits received within a TTI seems more problematic. Increasing this has the obvious impacts on the required UE baseband processing capabilities. On the other hand, as pointed out in [3], it can be quite safely assumed that the UE will practically never be receiving PDSCH simultaneously on two (or three) 20 MHz carriers with the highest 256QAM MCS and highest rank on each. Therefore implementing higher peak data rate capabilities could be questioned. Even if the maximum number of DL-SCH transport block bits received within a TTI would not be changed, for instance a category 6 UE would still be able to receive full ~200 Mbps on the small cell carrier, while leaving ~100 Mbps capability on the macro PCell. Hence, we believe it is worth discussing further whether the maximum number of DL-SCH transport block bits received within a TTI needs to be increased, and for which UE categories if not for all of them.
Proposal: 

· For UEs indicating support of 256QAM,

· Keep the total number of soft channel bits the same as for UEs without 256QAM support.

· Increase the maximum number of bits of a DL-SCH transport block received within a TTI.
· Discuss whether the maximum number of DL-SCH transport block bits received within a TTI shall be increased and for which UE categories.

3. Conclusion 
In this contribution we have discussed how to introduce 256QAM into the UE categories. Our proposals are summarized as follows:
Proposals:

· Introduce separate UE capability signaling for 256QAM.
· FFS whether this needs to be band or band combination –specific – consider sending an LS to RAN4 asking for guidance.
· The capability signaling shall be applicable to existing UE categories 6-10.

· For UEs indicating support of 256QAM,

· Keep the total number of soft channel bits the same as for UEs without 256QAM support.

· Increase the maximum number of bits of a DL-SCH transport block received within a TTI.
· Discuss whether the maximum number of DL-SCH transport block bits received within a TTI shall be increased and for which UE categories.
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