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1. Introduction
At RAN2#77bis, the MF-HSDPA UE capability issues were discussed a lot, especially on the relationship with legacy MC-HSDPA UE capabilities. Furthermore, it has been agreed that “DF4C operation is allowed on two frequencies maximum. These two frequencies can span on a maximum of two Bands. These two frequencies can be non-adjacent (in the same band). In all these cases MIMO is allowed.” In this contribution, we shall continue discussing about those issues related to MF-HSDPA UE capability.
2. Discussions
The MF-HSDPA feature is designed basing on MC-HSDPA architecture with additional enhancement. From U-plane perspective, MF-HSDPA shares almost the same buffer requirement as its MC-HSDPA counterpart in most cases except that there might be such types of UE capable of MF-HSDPA with MIMO operation, but they are not able to compress the HS-DPCCH timeline, but need one more HARQ processing time to provide associated HS-DPCCH feedbacks, so accordingly, UE needs 7/6 times of legacy total soft channel bits available for 7 HARQ processes with optimized performance. Strictly speaking, such UE should indicate new “HS-DSCH physical layer category extension X” to NW for each MF-HSDPA scenario. However, for simplifying signalling reason, we tend to use a general capability indicator for above situation, so that NW still possibly knows UE’s buffer situation exactly. We also support reusing the existing “HS-DSCH physical layer category extension X” to indicate MF-HSDPA capable UE’s buffer capacity.
Proposal 1: To reuse existing “HS-DSCH physical layer category extension X” to indicate MF-HSDPA capable UE’s buffer capacity, and to introduce a new general capability indicator showing that UE needs additional HARQ processing time for MF-HSDPA with MIMO.
For MC-HSDPA capability, we have very versatile UE fragmentation types until Rel-10, such as: 
DC adjacent, DC adjacent+MIMO, DCnon-adjacent, DCnon-adjacent+MIMO, DB-DC, DB-DC+MIMO; 
3C adjacent, 3C adjacent+MIMO, 3Cnon-adjacent, 3Cnon-adjacent+MIMO, DB-3C, DB-3C+MIMO; 

4C adjacent, 4C adjacent+MIMO, 4Cnon-adjacent, 4Cnon-adjacent+MIMO, DB-4C, DB-4C+MIMO. 

For each UE type listed above, there has been corresponding capability and category signalling available for NW to know exactly.
For MF-HSDPA capability, the UE fragmentation can be as versatile as above, so may potentially result in a similar set of capability signalling as the MC-HSDPA case. From the hardware cost viewpoints, capabilities for MIMO, non-adjacent, and dual band are the most important reference factors for fragmentation, and with this criteria, we shall elaborate on each MF-HSDPA scenario agreed so far.
For SFDC scenario, we propose UE to be fragmented into two types: SFDC and SFDC+MIMO, and correspondingly they indicate category 24 and 28 respectively. SFDC capabilities are independent of their DC counterparts, which means there is such UE supporting SFDC but not DC-HSDPA necessarily; there can also be such UE supporting DC-HSDPA+MIMO and SFDC but not SFDC+MIMO necessarily.
Proposal 2: For SFDC scenario, there are two types UE: SFDC, SFDC+MIMO, which are independent of their DC counterparts.
For DFDC scenario, we propose UE to be fragmented into eight types as indicated in table 1 below:
	DFDC capability 

Fragmentation id#.
	Adjacent
	Adjacent+MIMO
	Non Adjacent
	Non Adjacent +MIMO
	Dual band
	Dual band

+MIMO
	Category

	1
	Yes
	No 
	No
	No
	No
	No
	24

	2
	Yes
	Yes 
	No
	No
	No
	No
	28

	3
	Yes
	No 
	Yes
	No
	No
	No
	24

	4
	Yes
	Yes
	Yes
	Yes
	No
	No
	28

	5
	Yes
	No 
	No
	No
	Yes
	No
	24

	6
	Yes
	Yes 
	No
	No
	Yes
	Yes
	28

	7
	Yes
	No
	Yes
	No
	Yes
	No
	24

	8
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	28


Table 1: DFDC capable UE fragmentation baseline
We propose DFDC capable UE must support its SFDC, DC and DB-DC counterparts. For DFDC, DF3C and DF4C cases, the capability scope for band, non-adjacent gap size and band combination depends totally on their DC or DB-DC counterparts.
Proposal 3: For DFDC scenario, to treat table 1 as DFDC capable UE fragmentation baseline, which are dependent of their DC or DB-DC counterparts.
Proposal 4: The MF-HSDPA capability scope for band, non-adjacent gap size and band combination depends completely on their DC or DB-DC counterparts.
For DF3C scenario, if we assume 3C spans maximum 2 sectors, it can actually be interpreted equivalently as: SFDC+DC (or DB-DC), DFDC+DC (or DB-DC). Hence on top of existing DC and DB-DC capability and SFDC, DFDC capability proposed above, we actually need two indicators for different capability combination respectively: one for SFDC+DC (or DB-DC), and one for DFDC+DC (or DB-DC). The UE MIMO, non-adjacent, and dual band capability for DF3C are depending on those existing for DFDC and DC (or DB-DC). Hence, we propose that SFDC+DC (or DB-DC) capable UE must naturally support SFDC and its DC or DB-DC counterparts; DFDC+DC (or DB-DC) capable UE must naturally support SFDC+DC (or DB-DC), DFDC and its DC or DB-DC counterparts. DF3C capabilities are independent of their 3C counterparts as well. DF3C and DF3C+MIMO capable UEs indicate category 29 and 30 respectively.
Proposal 5: For DF3C scenario, DF3C can be decomposed into two groups of capability combination: SFDC+DC (or DB-DC) and DFDC+DC (or DB-DC). The DF3C associated capability dependency obeys the principle described above.
For DF4C scenario, if we assume 4C spans maximum 2 sectors, it can only take the configuration format “2x2”. We actually need two capability indicators for it: one for DF4C, and one for DF4C+MIMO. The UE non-adjacent, and dual band capability for DF4C are depending on those existing for DFDC and DC (or DB-DC). Hence, we propose that DF4C capable UE must naturally support DF3C (both SFDC+DC (or DB-DC) and DFDC+DC (or DB-DC)). DF4C capabilities are independent of their 4C counterparts as well. DF4C and DF4C+MIMO capable UEs indicate category 31 and 32 respectively.

Proposal 6: For DF4C scenario, DF4C can be decomposed into two groups: DF4C and DF4C+MIMO. The DF4C associated capability dependency obeys the principle described above.

As results, we may give the sample table 2 below, capturing the MF-HSDPA UE capability signalling proposed above.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Support of Additional HARQ processing time
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support longer HARQ processing time for MF-HSDPA with MIMO.
	REL-11

	Support of SFDC
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support SFDC configuration for MF-HSDPA
	REL-11

	Support of SFDC with MIMO
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support SFDC plus MIMO configuration for MF-HSDPA
	REL-11

	Support of DFDC
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DFDC (two adjacent frequencies) configuration for MF-HSDPA
	REL-11

	Support of DFDC with MIMO
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DFDC (two adjacent frequencies) plus MIMO configuration for MF-HSDPA
	REL-11

	Support of non-adjacent DFDC
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DFDC (two intra-band non-adjacent frequencies) configuration for MF-HSDPA
	REL-11

	Support of non-adjacent DFDC with MIMO
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DFDC (two intra-band non-adjacent frequencies) plus MIMO configuration for MF-HSDPA
	REL-11

	Support of dual band DFDC
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DFDC (two inter-band frequencies) configuration for MF-HSDPA
	REL-11

	Support of dual band DFDC with MIMO
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DFDC  (two inter-band frequencies) plus MIMO configuration for MF-HSDPA
	REL-11

	Support of DF3C alt1
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support SFDC plus DC or DB-DC configuration for MF-HSDPA
	REL-11

	Support of DF3C alt2
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DFDC plus DC or DB-DC configuration for MF-HSDPA
	REL-11

	Support of DF4C
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DF4C configuration for MF-HSDPA
	REL-11

	Support of DF4C with MIMO
	OP
	
	Enumerated (TRUE)
	The absence of this IE indicates that the UE does not support DF4C plus MIMO configuration for MF-HSDPA
	REL-11


Table 2: UE MF-HSDPA capability signaling
Proposal 7: To consider above capability signalling for various MF-HSDPA UE types.
After RAN2#77bis, there are still some additional MF-HSDPA related capabilities left open for further discussion as below: 

Open capability issue 1: Capability to indicate UE support of inter-site scenario?

Open capability issue 2: Capability to indicate support UE side reordering timer for skew handling?
Open capability issue 3: Capability to indicate UE support co-existence of MF-HSDPA with DC-HSUPA?
From saving implementation and IOT test efforts viewpoints, it would make sense to allow some MF-HSDPA UE only supporting MF-HSDPA intra-site scenario. On the other side, such MF-HSDPA intra-site only capable UE shall not fully enjoy the advantages at all places, and also may experience non-consistent peak data rate when moving between softer region and soft region. In our mind, compared with the implementation and IOT test efforts for the versatile MF-HSDPA UE types proposed above, the incremental effort seems marginal for implementing MF-HSDPA inter-site capability further, except the case that for SFDC only capable UE (not supporting DC-HSDPA), more emphasize may be put extremely on the UE cost, so a further fragmentation for SFDC intra-site only capable UE may be more sensible.
Proposal 8: To consider whether fragmentation for SFDC intra-site only capable UE makes practical sense.
It has been agreed to introduce a UE side reordering timer for skew handling, but the details how the timer and the skew handing can be optimized are still FFS. It is our current assumption that UE may actually be allowed to perform skew handing of different implementation levels but without any specification, and the skew handing performances are also to be unspecified from very dummy to very smart. Meanwhile NW can also perform skew handing on its side on different implementation levels, and can activate/deactivate UE centric scheme freely. In our view, UE with advanced or optimized skew handling should indicate such capability to NW, so that NW can determine when and where to apply UE centric scheme in addition to NW centric scheme.
Proposal 9: To introduce capability indicator for “Optimized reordering timer usage”.
In homogeneous macro cell deployment, MF-HSDPA operation occurs at far away cell border, where DC-HSUPA rarely occurs, so we do not see much practical usage. However, in heterogeneous small cell deployment, MF-HSDPA operation can still possibly co-exist with DC-HSUPA. Currently from RAN2 viewpoints, no additional complexity is foreseen, and it is up to RAN1 and RAN4 decision whether such capability is needed.
Proposal 10: To determine whether an UE capability supporting co-existence of MF-HSDPA with DC-HSUPA is needed.
3. Conclusions
In this contribution, we discussed MF-HSDPA capability related issues, and kindly ask RAN2 to consider following proposes:
Proposal 1: To reuse existing “HS-DSCH physical layer category extension X” to indicate MF-HSDPA capable UE’s buffer capacity, and to introduce a new general capability indicator showing that UE needs additional HARQ processing time for MF-HSDPA with MIMO.
Proposal 2: For SFDC scenario, there are two types UE: SFDC, SFDC+MIMO, which are independent of their DC counterparts.
Proposal 3: For DFDC scenario, to treat table 1 as DFDC capable UE fragmentation baseline, which are dependent of their DC or DB-DC counterparts.
Proposal 4: The MF-HSDPA capability scope for band, non-adjacent gap size and band combination depends completely on their DC or DB-DC counterparts.
Proposal 5: For DF3C scenario, DF3C can be decomposed into two groups of capability combination: SFDC+DC (or DB-DC) and DFDC+DC (or DB-DC). The DF3C associated capability dependency obeys the principle described above.

Proposal 6: For DF4C scenario, DF4C can be decomposed into two groups: DF4C and DF4C+MIMO. The DF4C associated capability dependency obeys the principle described above.

Proposal 7: To consider above capability signalling for various MF-HSDPA UE types.

Proposal 8: To consider whether fragmentation for SFDC intra-site only capable UE makes practical sense.

Proposal 9: To introduce capability indicator for “Optimized reordering timer usage”.

Proposal 10: To determine whether an UE capability supporting co-existence of MF-HSDPA with DC-HSUPA is needed.
4. References
[1] R2-121153
   UE capabilities for HSDPA Multiflow
Nokia Siemens Networks
Disc

[2] R2-121822
Considerations on UE multiflow capability
Huawei, HiSilicon
Disc
[3] R2-121602
   HSDPA multiflow capability signalling
Renesas Mobile Europe Ltd
Disc








































3GPP


