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1. Introduction

In RAN1#58bis, the initial assumptions and general alignment for 4-carrier HSDPA were captured in [2] as following:

Initial assumptions:

· The DL carriers will not be configured to be spread across more than 2 bands

· Single band operation is also included 

· All DL carriers are from same NodeB

· From RAN1 point of view, the nominal transmit frame timing of all downlink carriers is assumed to be aligned
There seems to be a general alignment in the following directions:

· Re-use of DL signalling

· Separate HS-SCCH per carrier

· Per-carrier configuration of TxD and MIMO

· Uplink feedback is always sent on only one UL carrier

· Re-use UL signalling as much as possible

· Non re-use should be justified by clear benefits
This contribution presents some considerations about carrier combinations, MIMO configurations and other open issues with respect to 4-carrier HSDPA. 
2. Discussion
2.2 Scope of MC-HSDPA

In Rel-8 and Rel-9, DC-HSDPA and DC-HSDPA+MIMO have already specified the carrier aggregates case of intra-band 2 adjacent carriers and inter-band 2 carriers was introduced through DB-DC-HSDPA. MC-HSDPA operation shall be viewed as an extension to the existing multi-carrier features above. As mentioned in work item proposal in [1], the work should target the following scenarios:
1) Intra-band 3 or 4 adjacent carriers
2) Intra-band 2, 3 or 4 non adjacent carriers
3) Inter-band 3 or 4 carriers
The following sections outline a few design considerations for the MC-HSDPA for these extension carrier aggregates cases.
2.2.1  Intra-band 3 or 4 adjacent carriers 
As a natural extension to DC-HSDPA, the intra-band 4 adjacent carriers aggregation introduces maximum 20MHz RF bandwidth requirement to UE, which is just LTE RF bandwidth, so no significant complexity can be seen to support this feature. The following aspects need to be studied to work out the principle for MC-HSDPA

1) Non-adjacent carrier support when a centre carrier is de-activated
If downlink activated carriers in a band are limited to be adjacent, the flexibility of selection for activated carriers will be limited either, i.e. only the carriers be adjacent to primary carrier can be left in activation status when a centre carrier is de-activated. In the worst case, when a carrier be adjacent to primary carrier is de-activated, only the primary can be left to activation status due to the adjacent activated carriers limit. In order to utilize more adjacent carriers, RRC based primary carrier handover shall be executed, as a consequence extra effort, i.e. extra RRC signalling and extra delay, will be taken. Therefore, considering the flexibility of selection for activated carriers, non-adjacent carrier shall be supported when a centre carrier is de-activated.
Proposal 1
Non-adjacent carrier shall be supported when a centre carrier is de-activated.

2) MIMO configuration and carrier combinations 

Table 1 MIMO configuration for MC-HSDPA
	
	Downlink
	DataRate

	
	F1
	F2
	F3
	F4
	Mbps

	1
	
	
	
	
	63

	2
	M
	
	
	
	84

	3
	M
	M
	
	
	105

	4
	M
	M
	M
	
	126

	5
	
	
	
	
	84

	6
	M
	
	
	
	105

	7
	M
	M
	
	
	126

	8
	M
	M
	M
	
	147

	9
	M
	M
	M
	M 
	168


Table 2 MIMO configuration when some carriers are de-activated 
	
	Downlink
	DataRate

	
	F1
	F2
	F3
	F4
	Mbps

	10
	
	
	
	
	42

	11
	M
	
	
	
	63

	12
	M
	M
	
	
	84

	13
	
	
	
	
	21

	14
	M
	
	
	
	42


The possible 3, 4 carrier group and MIMO configuration are list in Table1, and the possible carrier groups and MIMO configuration when some carriers are de-activated are list in Table2. 

If all these cases are needed to be support, the requirements for UE categories will be huge. It is need to propose some principles to simplify the combinations by exclude some useless cases. Here we think the following principles are needed to be taken into account for this intention:


Principle 1: the combination shall cover most peak rate requirements. 


Principle 2: the HS-DPCCH efficiency can be taken as a consideration to exclude specific cases from which can achieve same peak rate requirement.


Principle 3: any case without MIMO deployment shall be support.

For example, three case: 3C+1MIMO, 2C+2MIMO, 4C+0MIMO can be used to cover the 84M peak rate. 4C+0MIMO shall be supported according to Principle 3. For the cases of 3C+1MIMO, 2C+2MIMO, according to Principle2 the case of 3C+1MIMO shall not be supported due to low HS-DPCCH efficiency.
Proposal 2
To simplify the carrier group and MIMO configuration combinations, some principles shall be established firstly.

2.2.2  Intra-band 2, 3 or 4 non adjacent carriers
Along with aggregated bandwidth and non-adjacent carrier groups increasing, the complexity for UE RF will be increased correspondingly. If the aggregated non-adjacent carriers are within 20 MHz, the complexity for UE can be considered same as the complexity for UEs supporting non-adjacent carriers after a centre carrier is de-activated in the case of adjacent carrier aggregates. If the aggregated bandwidth exceeds the maximum receiver bandwidth, the UE need to introduce extra receiver. Hence if it is really needed to deploy non-adjacent, maybe no more than 20 MHz bandwidth on the same band shall be supported. In any case, maybe it is better for RAN4 to discuss and evaluate first.
Proposal 3
Maybe no more than 20 MHz bandwidth on the same band shall be supported if there is identified demand for intra-band non adjacent carrier aggregates.
2.2.3 Inter-band 3 or 4 carriers
1) Band combinations
As extension to Dual Band HSDPA, the two bands carrier aggregation for 3, 4 carriers shall be discussed firstly, and more than two bands aggregation shall be considered based on identified demand from operators [3]. The detail band combinations shall be further discussed in RAN4.

2) The base principles for inter-band MC-HSDPA 
Considering the load balance, the primary carrier shall be permitted to be configured on any band. Since two receivers is needed for inter band carriers aggregation operation, non-adjacent carrier in same band requirement will further increase the complexity of UE if the bandwidth of non-adjacent carrier exceed 15M, thus it is suggest that the carriers in same band shall be adjacent carrier in inter-band MC-HSDPA operation. However, similar to Intra-band non-adjacent carrier case, RAN4 discussion would be preferred.
3) MIMO configuration and band combinations
As the simplified principle discussed above for the intra-band MC-HSDPA, the band and MIMO combinations shall be also simplified. The principles to simplify combinations for intra-band MC-HSDPA also can be applied for inter-band MC-HSDPA. However, taking account of the characteristic of inter-band MC-HSDPA, the MIMO selectivity for specific band and the channel quality difference for the two bands shall also be applied to exclude some specific combinations.

Proposal 4
The primary carrier shall be permitted to be configured on any band, and it is preferred considering that the carriers in same band shall be adjacent carrier for inter band MC-HSDPA operation as high priority.

2.2.4  Uplink carriers requirement
With the improvement in DL data rate by MC-HSDPA, the uplink bandwidth requirement will be increased correspondingly. MC-HSDPA combined DC-HSUPA can be applied to fulfill the requirement. However, due to the unsymmetrical characteristic for some specific traffic, single UL carrier can fulfill the traffic requirement also in most cases. Furthermore, according the current assumption, uplink feedback is always sent on only one UL carrier, thus it is unnecessary to tie in MC-HSDPA with DC-HSUPA. 
Proposal 5
It is unnecessary to tie in MC-HSDPA with DC-HSUPA.
2.2.5  Detail aspects about MC-HSDPA
We do not think it is necessary to decide some detail aspects about MC-HSDPA in this stage, such as CPC, HS-SCCH less and DPCH support, before a WI is established. However we would like to share our initial considerations about these details.

1) HS-SCCH less operation

Since HS-SCCH less operation can save control information overhead for the traffic with lower data rate, it is considered to be necessary to use HS-SCCH less in MC-HSDPA. Considering the deactivation of the secondary carriers, it is preferred to restrict the HS-SCCH less operation on the primary carrier only, which aligns with that of DC-HSDPA and simplify implementation.

2) CPC operation
In MC-HSDPA, CPC configurations can be common across carriers or configured on a per-carrier basis. If configured on a per-carrier basis, no obvious gain can be foreseen. In addition, the solution may need additional signaling overhead and may introduce complexity to control CPC state of each carrier. Thus, it is suggested that CPC configurations are common across all configured carriers.

3)
DPCH support

Since DPDCH is forbidden in DC-HSUPA, DPDCH shall not be supported to align with agreement of Rel-9 when more than one UL carrier is configured. For the cases of MC-HSDPA with only one UL carrier configured, we can not find any special reason to forbid DPDCH configuration. And the principles discussed in Rel-8 and Rel-9 can be followed. However, the discussion on detail would be at WI stage.
3. Conclusion
In this document we discussed some open issues about MC-HSDPA, and we propose:
Proposal 1
Non-adjacent carrier shall be supported when a centre carrier is de-activated.

Proposal 2
To simplify the carrier group and MIMO configuration combinations, some principles shall be established firstly.
Proposal 3
Maybe no more than 20 MHz bandwidth on the same band shall be supported if there is identified demand for intra-band non adjacent carrier aggregates.
Proposal 4
The primary carrier shall be permitted to be configured on any band, and it is preferred considering that the carriers in same band shall be adjacent carrier for inter band MC-HSDPA operation as high priority.
Proposal 5
It is unnecessary to tie in MC-HSDPA with DC-HSUPA.
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