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1 Introduction
At RAN#45, it was agreed that RAN1 could initiate studies on 3-4 carriers targeting the Rel-10 time-frame to finalize the work,  and the detailed scope of the WID with the different allowed components  should be studied and defined before it is agreed [1][2].  
As part of effort of fulfilling the above mentioned objective, this contribution discusses various considerations related to combinations of MC-HSDPA with MIMO and multiple band operation. 
2 Discussion
2.1 MC-HSDPA with MIMO

MC-HSDPA and MIMO are important features for providing higher data transmission capabilities in HSPA systems. All possible combinations of MC-HSDPA and MIMO are classified in the following table in terms of achievable peak data rate, assuming 64QAM is supported:
	Peak data rate (Mbps)
	Number of TBs used
	Total number of HSDPA Carriers
	Number of carriers with MIMO

	43.2
	2
	2*
	0*

	64.8
	3
	3
	0

	86.4
	4
	2*
	2*

	
	
	4
	0

	
	
	3
	1

	108
	5
	3
	2

	
	
	4
	1

	129.6
	6
	4
	2

	
	
	3
	3

	151.2
	7
	4
	3

	172.8
	8
	4
	4


* Currently specified in Releases 8 and 9.

Table 1 – Possible combinations for MC-HSDPA with MIMO
One of the objectives in [2] is to identify a limited number of combinations to finalize the scope of the WI. Therefore the only some of the combinations in the above table should be chosen to be standardized so that the standard is not overly complex and to minimize the number of new UE categories.  One criterion for reducing the number of allowed configurations is to eliminate the cases having MIMO on 1 or 3 carriers, as marked in shaded grey in the table.  This leads to 5 remaining new combinations which are sufficient to cover the desired data rates:
1. 3-4 carriers without MIMO (64.8 Mbps and 86.4 Mbps)
2. 3-4 carriers with MIMO on two carriers (108 Mbps and 129.6 Mbps)
3. 4 carriers with MIMO on all four carriers (172.8 Mbps)
Note that 86.4 Mbps data rate is currently possible in Release 9 when DC-HSDPA with MIMO is supported.  However, the specification of 4 carriers without MIMO may be particularly interesting for service operators that desire to offer a maximum data rate of 86.4 Mbps without having to deploy MIMO.  In addition, the possibility of a similar feedback design to that of Release 9 for this configuration could lead to a quick standardization effort.
Moreover, we believe that these combinations of MC-HSDPA and MIMO should be prioritized in the order listed above (i.e. 3-4 carriers without MIMO, 3-4 carriers with MIMO on 2 carriers, and lastly 4 carriers with MIMO).  It seems reasonable to address the non-MIMO option first since it allows operators to boost data rates in those areas where MIMO is not currently equipped, as previously mentioned.      

Proposal #1: Discuss and agree on allowed combinations of MC-HSDPA and MIMO and prioritize standardization focus among the agreed combinations.  
2.2 MC-HSDPA across Multiple Frequency Bands
A detailed analysis of the aggregation of 3 or 4 HSDPA adjacent carriers in a single band on the UE complexity was provided in [3] and concluded that the implementation of intra-band MC-HSDPA UEs is highly feasible. When introducing MC-HSDPA across multiple frequency bands, we do not expect any significant differences in base-band design when compared to intra-band MC-HSDPA.  The RF/Front-end sub-system may be impacted, however, depending on the number of allowed bands and the band combinations.   

Frequency combinations for inter-band MC-HSDPA that provide most benefit with reasonable complexity increase should be identified and targeted. For now, limiting MC-HSDPA to 2 frequency bands with the additional constraint that carriers within same band operate on adjacent frequencies makes sense as it represents a simple evolution of dual carrier operation from R8 and R9.  This restriction in frequency combinations should be confirmed by operators to ensure that current and/or future bandwidth allocations allow flexible deployment of MC-HSDPA.  

Proposal #2: Allow MC-HSDPA to operate on 2 frequency bands.
Proposal #3: Within the same frequency band, all DL carriers should operate on adjacent frequencies.
Additional band and/or carrier combinations should be considered for future evolution of HSPA+ in later releases.
3 Conclusion

We have discussed various considerations related to combinations of MC-HSDPA with MIMO and multiple band operation.  The following is proposed:
Proposal #1: Discuss and agree on allowed combinations of MC-HSDPA and MIMO and prioritize standardization focus amongst allowed combinations.
Proposal #2: Allow MC-HSDPA to operate on 2 DL frequency bands.

Proposal #3: Within the same frequency band, all DL carriers should operate on adjacent frequencies
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