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1
Introduction

After RAN#67, a new WI was agreed [1] that aims at adding a new scenario – four cells on three frequencies – for the Multiflow HSDPA feature that was already standardized in Rel-11. After the RAN2#89bis meeting a number of agreements were made, but there also remained a few open issues.

In this discussion paper we present our further considerations regarding 3F-4C Multiflow configuration, in particular we elaborate more on capability aspects as well as MAC-ehs impact.

2
Multiflow 3F-4C 
2.1
General overview

As per Rel-11, Multiflow supports a number of configurations – SF-DC, DF-3C and DF-4C – that are  presented in the Figure 1 below. 
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Figure 1: Existing Multiflow configurations defined in Rel-11.

After RAN2#89bis meeting, a new Multiflow configuration 3F-4C was agreed as presented in Figure 2. It is similar to DF-4C, as it also has four HS-DSCH cells, but there are three cells at one Node B. 
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Figure 2: New Multiflow 3F-4C configurations.

2.2
Capability options for 3F-4C

It was discussed and agreed in Rel-11 that a UE supporting a particular Multiflow configuration has to support configurations with fewer cells. As an example, a UE supporting DF-3C has to support SF-DC, and a UE supporting DF-4C must also support DF-3C and SF-DC. There were various reasons for such a decision, but one of the most noticeable ones was a simplicity in the capability signalling. Following the same principle we propose that a UE supporting 3F-4C must also support DF-3C and SF-DC.
Proposal 1: A UE supporting 3F-4C must also support SF-DC and DF-3C configurations.
It should be however discussed on whether the 3F-4C and DF-4C configurations should be somehow logically related or not. Obviously, a Rel-13 UE supporting DF-4C cannot be mandated to support 3F-4C. On the other hand, a Rel-13 UE supporting 3F-4C has all the means to implement DF-4C: a) the number of cells and as result processing requirements are the same; b) 3F-4C requires 15MHz receiver that meets DF-4C requirements; c) if the 3F-4C capable UE needs to support DF-3C and SF-DC, then it is somewhat suboptimal not implement DF-4C; d) last but not least, the capability signalling becomes simpler.
Proposal 2: Discuss whether a 3F-4C capable UE should also support DF-4C.
As discussed briefly during the RAN2#89bis meeting, if a UE supports DF-3C/4C dual-band operation with Multiflow then it means that a UE supports two cells (serving and assisting) in Band A and one/two cells in Band B (secondary and assisting secondary). In case of 3F-4C, there are three frequencies making dual-band operation more versatile. As indicated in Figure 3 below, one can consider dual-band 3F-4C operation with three cells in Band A and one cell in Band B, or with two cells in Band A and two cells in Band B. As agreed during RAN2#89bis, both options are feasible, hut it should be discussed whether a UE supporting dual-band with 3F-4C will automatically support all the aforementioned combinations or an explicit capability signalling is needed. 
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Figure 3: 3F-4C dual-band configurations with two frequencies in the first band (left) and the second band (right).
Proposal 3: Discuss whether a UE supporting dual-band 3F-4C will always support two possible combinations: with two frequencies in the first band and with one frequency in the first band. 
2.3
Impact to MAC-ehs entity

As noted in [6] during the RAN2#89bis meeting, introduction of the 3F-4C Multiflow configuration might require revision of the MAC-ehs functionality, in particular the maximum number of MAC-ehs re-ordering SDUs.

For the sake of completeness, we present existing requirements regarding the maximum number of re-ordering SDUs as specified in TS 25.321. Table 1 below summarizes both Multiflow inter-Node B and non-Multiflow cases. It should be noted that the table shows the maximum number of re-ordering SDUs per a MAC-ehs entity, number of which is two in case of inter-Node B. As an example, inter-Node B DF-3C will have two MAC-ehs entities with the maximum number of re-ordering SDUs of 26 and 16, respectively.  

Table 1: Summary for the maximum number of re-ordering SDUs. 

	Number of 

HS-DSCH cells 

per MAC-ehs entity
	Maximum number of re-ordering SDUs in one TTI per MAC-ehs

	
	Non-Multiflow / Intra-nodeB Multiflow
	Inter-Node B Multiflow

	
	non-MIMO
	MIMO
	non-MIMO
	MIMO

	1 
	26
	26
	16
	26

	2
	26
	44
	26
	26

	3
	44
	44
	26
	32

	4
	64
	64
	
	


Intra-Node B 3F-4C configuration requirement for the maximum number of SDUs is same as for 4C-HSDPA and intra-Node B DF-4C, i.e. 64, because the overall number of HS-DSCH cells is four.

In case of inter-Node B DF-4C, there could be up to 26 re-ordering SDUs per MAC-ehs entity for both MIMO and non-MIMO cases. As a result, in case of inter-Node B 3F-4C, the maximum number of re-odering SDUs for the MAC-ehs entity with three HS-DSCH cells without MIMO could remain 26 because requirements are similar to two HS-DSCH cells with MIMO. However, for the MIMO case, this value should be extended. Following the same line of considerations as in Rel-11, we could take as a starting point 44 re-ordering SDUs (three HS-DSCH cells with MIMO in non-Multiflow) and discuss a value that could be a good tradeoff between a UE complexity and resulting performance. As a potential compromised value one could consider 32 re-ordering SDUs.
Proposal 4: Discuss and agree the maximum number of re-ordering SDUs per MAC-ehs entity for inter-Node B 3F-4C Multiflow configuration.
2.4
Specification impact analysis

Based on the initial specification impact analysis, we expect changes in the following specifications due to the introduction of a new 3F-4C Multiflow configuration. We also expand briefly on why and in which parts those changes would be needed:
1. TS 25.308. In this specification we will have to update a table with existing Multiflow configurations by adding an explicit description of 3F-4C. A few other minor updates would be needed, as presented in [2].
2. TS 25.331. Most of changes in TS 25.331 relate to the capability part i.e. setting of capability IEs to signal support for 3F-4C. Since Rel-11 signalling was constructed in such a way that a UE could potentially signal up to eight cells over four frequencies, there are no ASN.1 changes, only tabular clarifications. A preliminary CR could be found in [3].
3. TS 25.302. Since 3F-4C spans three frequencies, we need to add new cases describing which physical channel combinations can be used on each frequency, as shown in [4]. 
4. TS 25.321. As elaborated in section 2.3 above, three HS-DSCH cells aggregated under the same mac-ehs entity may impose new requirements on the maximum number of re-ordering SDUs in a single TTI when MIMO is configured. As a result, changes in TS 25.321 will be needed to reflect new values, as exemplified in [5]. 
5. TS 25.306. It should be discussed whether changes in this specifications are needed to support a new configuration. Multiflow capability definition is already generic enough covering all available configurations, which are anyway explicitly signalled based on a particular UE capabilities.

3
Conclusion

In this discussion paper we have presented our further analysis on a new Multiflow 3F-4C configuration, new aspects that RAN2 would need to consider, and some preliminary specification impact analysis. The summary of our proposals:
Proposal 1: A UE supporting 3F-4C must also support SF-DC and DF-3C configurations.

Proposal 2: Discuss whether a 3F-4C capable UE should also support DF-4C.

Proposal 3: Discuss whether a UE supporting dual-band 3F-4C will always support two possible combinations: with two frequencies in the first band and with one frequency in the first band. 

Proposal 4: Discuss and agree the maximum number of re-ordering SDUs per MAC-ehs entity for inter-Node B 3F-4C Multiflow configuration.
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