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1. Introduction

At RP#34, work item descriptions for the introduction of higher order modulation in HSPA (64QAM downlink, 16QAM uplink) were agreed ([1], [2]).  This document summarises the areas of expected impact on RAN2 specifications (RRC and MAC) from these work items.  (Contrary to the expectations described in [3], the feature has no effect of its own on the RLC; rather, it is subsumed in the general work item to adapt RLC to higher data rates.)
2. Discussion

2.1. RRC impacts

The general identified areas of expected impact on layer 3 protocols are as follows:
· UE capability

· Signalling formats

· Bearer configurations

Each of these areas is discussed further below.

2.1.1. UE capability

Evidently there will be a need for new UE capabilities to accommodate the new modulations and larger transport block sizes.  The capabilities for uplink 16QAM and downlink 64QAM are intended to be separable; a UE may support either one without the other.  This suggests extending certain HSDPA UE classes (probably 9 and 10) and certain EUL classes (most likely 6).

If HSDPA categories 9 and 10 are extended to accommodate MIMO as well, as proposed in [4], it would need to be determined whether there was an interaction between the extensions.  This seems to be a RAN1 decision, perhaps a suitable subject for an LS.

2.1.2. Signalling formats

The impact on layer 3 signalling appears to be minimal.  Modulation is never signalled explicitly in the RRC messages (except in TDD, but the work items are FDD-only); the only identified impacts are on the ranges of fields that signal maximum data rates.  We have not identified any explicit signalling of transport block sizes in the RRC.
Per [3], the maximum downlink data rate is raised to 21.6 Mbps (from 14.4), and the maximum uplink rate to 11.52 Mbps (from 5.76).

2.1.3. Bearer configurations

New reference bearer configurations capturing the new modulations will be needed.  The exact needs may be driven by conformance testing, but at a minimum there should be a reference bearer for each of the UE capability classes involved.  There may also be a need for bearer combinations with HOM in both uplink and downlink.

2.2. MAC impacts

The areas of the MAC which are expected to be impacted by DL/UL HOM are as follows:

· DL HOM signalling

· UL HOM signalling on HSUPA grant channels

· UL HOM signalling on E-DPCCH
Each of these areas is discussed further below.

2.2.1. DL HOM Signalling
The support for 64QAM on the HS-DSCH mainly means that the range of transport block sizes that can be received in a TTI is extended to cover the higher data rates. As a consequence, the extended transport block size set must be defined and signalled.
2.2.1.1. Extending the HS-DSCH transport block size set

In section 3.4 of [4] we discuss whether the extended TBS set should be defined taking into account the new L2 assumptions (byte aligned MAC-hs PDUs) or using the current assumptions (bit-aligned MAC-hs PDUs). No strong opinion is formulated.
2.2.1.2. Signalling the HS-DSCH transport block size set

Currently the HS-SCCH signals a TFRI which is used together with the number of codes and modulation index to generate the unique HS-DSCH transport block size. With the addition of a third modulation option, the same method can be reused and thus only the new modulation value needs to be signalled. 
Since the current HS-SCCH payload does not contain any reserved value, a new format needs to be defined and we should note that already, special formats have been defined for CPC as well as MIMO. One possibility to limit the number of different formats would consist in designing a common format that can support both single stream MIMO and HOM. 

The cost of this solution is the additional information sent on the HS-SCCH for the single stream MIMO (a maximum of 5 additional bits out of a total of 42 bits may be defined but the final number has not been agreed yet in RAN1) would need to be signalled for HOM capable UEs even though MIMO is not in use.
2.2.2. UL HOM Signalling on HSUPA grant channels

The range of the absolute grant channel may need to be increased depending on the operating point for HOM on the UL hence RAN2 needs to wait for the RAN1 conclusions on this discussion.
Since they only indicate a step up or down in the set of quantized power offsets however, the relative grant channels (serving or non-serving) do not need to be modified.
2.2.3. UL HOM Signalling on E-DPCCH

The support for 16QAM on the E-DCH mainly means that the range of transport block sizes that can be received in a TTI is extended to cover the higher data rates. As a consequence, the extended transport block size set must be defined and signalled.

2.2.3.1. Extending the E-DCH transport block size range
The E-DCH currently supports 4 TBS tables (2 for the different TTIs and 2 for the different packet size assumptions) whose ranges may or may not need to be extended depending on answer to the following questions:

· Are the proposed L2 improvements also applicable to the UL?

· Is UL HOM applicable to 2ms, 10ms or both TTIs?

2.2.3.2. Signalling the E-DCH transport block size set

In the current E-DPCCH, a 7-bit transport block size field is explicitly signalled and the modulation is always QPSK. Since the modulation or the larger transport block size needs to be signalled (either explicitly with a new field or implicitly through a different region of transport blocks) a larger payload would be in principle required.
Given the smaller size of the E-DPCCH payload however (10 bits), any increase has a significant impact on the UL capacity (as shown in [5]) hence it would be beneficial to explore alternate ways to support 16QAM without increasing the E-DPCCH payload (a natural way is to increase the granularity).
3. Conclusion

We suggest that RAN2 consider the possible impacts.  If no impacts are identified beyond the areas listed above, a draft CR could be produced for the next meeting.
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