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1
Introduction

There has been recent interest in the multi-cell communication where a UE in soft or softer handover is allowed to receive packets over the HS channel from multiple cells ([1] through [7]). The main motivations include improving the cell edge performance and utilizing the uneven loading in the network. 

There have been a number of candidate schemes proposed in [1], [2] and [3]. The scheme of Single-Frequency DC-HSDPA Aggregation (SF-DC Aggregation) where two sectors schedule independent transport blocks to the UE in the same frequency was introduced in [1]. A variant of that is the SF-DC Switching scheme where only the stronger of the two sectors transmit to the UE in any TTI, was introduced in [2]. In this paper, we will introduce a few more extensions where the transmissions can also happen on two frequencies. For a DC-capable UE, this is equivalent to having different serving sectors on the two frequencies. We call this scheme Dual-Frequency DC-HSDPA Aggregation (DF-DC Aggregation). In addition, for a 4C-capable UE, there could be up to four independent transport blocks on the two frequencies, from up to two sectors. We call this scheme DF-4C Aggregation. A variant of DF-4C Aggregation is the scheme where only the strongest sector on each carrier transmits to the UE. We call this scheme DF-4C Switching. 

In this paper, we will also summarize and compare all these candidate schemes in terms of their requirements on the UE and network. 
Some of the other schemes introduced in [4] are studied in another contribution [5]. 
2 Description of Multi-Point HSDPA schemes 

2.1 
SF-DC Aggregation
In this scheme, introduced in [1], two sectors schedule independent transport blocks to the UE in the same frequency. Up to two transport blocks can be scheduled during a TTI. This scheme is applicable to a single carrier network or a boundary between DC and SC networks. It requires the UE to be DC capable with the type 3i receiver. 
The Inter-NB SF-DC Aggregation scheme is illustrated in Figure 1. The Intra-NB SF-DC Aggregation scheme with co-located sectors is shown in Figure 2. Intra-NB SF-DC Aggregation with remote radio head is very similar to the scheme depicted in Figure 2 with the non-co-located sectors controlled by the same Node B baseband unit (BBU)[8]. Please see [1] for more detailed description. 
The simulation results on the SF-DC aggregation were also presented in earlier contributions. The preliminary result was presented in [1] where uniform loading over the typical 57-cell layout was assumed; the extra gain from non-uniform loading was shown in [2], which also included study for 3D antennas; the impact on legacy UE was studied in [3] where a mixture of legacy and SF-DC capable UEs was assumed. All these results showed substantial system and user benefits.  
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Figure 1  Inter-NB SF-DC Aggregation. 
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Figure 2  Intra-NB SF-DC Aggregation with co-located sectors. 

2.2 
SF-DC Switching
For UEs with single Rx antenna, we can transmit a single packet from the stronger of the two cells in a TTI, based on the CQI feedback, as introduced in [2].  Thus, this would be equivalent to dynamically switching the serving cell of the UE on a per-TTI basis. UEs will still feed back CQIs seen on both cells using the Rel-8 style CQI channel structure. 

Since scheduling coordination is need on per TTI basis, this scheme is only applicable to intra-NB transmission. The transmission during a TTI in the Intra-NB SF-DC Switching scheme is shown in Figure 3. 
The simulation results on the SF-DC switching were also included in earlier contributions. The preliminary result was presented in [2] assuming the 6-cell RRH deployment and uniform loading; the extra gain from non-uniform loading was shown in [3]. As seen there, SF-DC switching can offer significant system and user benefits.  
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Figure 3
Transmission during a TTI in the Intra-NB SF-DC Switching scheme. 
2.3 
DF-DC Aggregation

In both SF-DC Aggregation and SF-DC-Switching, the downlink transmissions are all in the same frequency. Both schemes utilize the additional degrees of freedom in the spatial domain. When two carriers are available to the network, it is beneficial to combine all the degrees of freedom, both frequency and space. For a DC capable UE, one way to utilize both frequency and spatial domains is to allow the UE to receive two independent transport blocks from two sectors and on two frequencies. This is equivalent to allow the UE to have independent serving cells on the two frequencies. UEs will feed back CQIs seen on both cells on the two frequencies using the Rel-8 style CQI channel structure. We call this scheme DF-DC Aggregation. The Inter-NB DF-DC Aggregation is illustrated in Figure 4 whereas Intra-NB DF-DC Aggregation is illustrated in Figure 5. 
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Figure 4

Inter-NB DF-DC aggregation. 
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Figure 5

Intra-NB DF-DC aggregation. 

The HS-DPCCH for DF-DC Aggregation is the same as in SF-DC Aggregation. Both serving cells will need to decode the HS-DPCCH codewords. 

One of the use cases for DF-DC Aggregation is throughput enhancement at the boundary between Node Bs with two carriers and those with only one carrier. The situation is illustrated in Figure 6. Here Cell A has F1 and F2 and Cell B only has F1. UE 1 shown in Figure 6 has the universal carrier F1 as its anchor carrier but is in the region where Cell A is in the active set but its F1 is weaker than Cell B. Therefore, serving UE 1 from Cell A on F2 and Cell B on F1 will result in a throughput gain. The gain is studied in details in [6]. 
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DF-DC Aggregation in the DC and SC boundary.

Since the two packets are transmitted over two frequencies, the UE is not required to have RxD. 
Another use case is throughput gain with uneven loading across the frequency and across Node Bs. In a network where both F1 and F2 are universally deployed, due to uneven loading, one of the carriers, say F1, may be heavily loaded at a particular sector, say Sector 1. DF-DC will allow the users in Sector 1 to be served on F1 by the neighboring sectors while keeping it service on F2 from Sector 1. This is studied in detail in [6]. 

The carrier deployment is considered as on a Node B basis. So there would be no boundary between the dual-carrier and single-carrier within a Node B. Howerver, the load balancing between two carriers can benefit both Inter-NB and Intra-NB scenarios. 

2.4
DF-4C Aggregation

In UMTS Rel.10, multi-carrier HSDPA is extended to allow up to four carriers on the downlink. Such UEs will have four receive chains. When such UEs enter a network with less than four carriers available, their extra receive chains could be used to receive packets from multiple sectors on the same frequency. Therefore, a UE can receive up to four independent transport blocks from up to two sectors of two frequencies each. This scheme is called DF-4C aggregation. 
DF-4C Aggregation can be seens as a naural extension of SF-DC Aggregation for a 4C capable UE and a dual –carrier network. 
The HS-DPCCH format will be the same as used in the corresponding situation in 4C-HSDPA. All the sectors transmitting packets to the UE will need to decode the HS-DPCCH. 
There are a number of sector-frequency configurations for the DF-4C aggregation scheme. To keep the length of this paper manageable, we only illustrate the Inter-NB DF-4C Aggregation schemes. It is expected that Intra-NB DF-4C Aggregation schemes can be easily visualized from these figures for their Inter-NB counterpart. 

A typical DF-4C Aggregation for a 3C capable UE is shown in Figure 7 where both Sector 1 and Sector 2 transmit to the UE on F1. For a 4C-capable UE, there could be 2 sectors transmitting on both of the carriers configured, as shown in Figure 8. 
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Figure 7  
An example DF-4C Aggregation scheme for a UE onlycapable of 3-carrier reception. 
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Figure 8 
Another example DF-4C Aggregation scheme for a UE capable of 4-carrier reception. 

2.5
DF-4C Switching

Just as SF-DC Switching as a variant to SF-DC Aggregation, DF-4C Switching is also a variant to DF-4C Aggregation. In SF-DC Switching, during a given TTI, there is only one sector transmitting to the UE on any frequency. Thus, single Rx UE can enjoy the benefit of spatial diversity across the sectors although the UE still needs to send CQIs for both sectors in the Rel. 8 HS-DPCCH format. 
The aggregation scheme shown in Figure 7 has the following corresponding switching scheme, termed DF-4C Switching, shown in Figure 9. This scheme is applicable to UEs with a single Rx antenna. The UEs only need to simulataneously decode two packets but still need to mnonitor the channel and feed back CQIs for each of the two cells on each of the two frequencies in the Rel. 10 style CQI channel structure.
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Figure 9

Transmissions in a TTI for a switching scheme involving 3 frequency/sector entities and a UE with a single Rx. 

The aggregation scheme shown in Figure 8 has the following corresponding switching scheme in Figure 10. 
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Figure 10 
Transmissions configurations for a switching scheme involving 4 frequency/sector entities and UEs with a single Rx. Only one of the four configurations is possible for each TTI. 
3
Difference in protocol stack beween Intra-Node B and Inter-Node B schemes
In this paper, the multiple sectors in the intra-Node B (Intra-NB) scheme are either co-located in the conventional Node B architecture, or non-co-located in the new remote radio equipment (RE) [1] architecture.

In all the intra-NB schemes, all the transmissions are controlled by the same Node B. Therefore, there only needs to be one MAC-ehs entity at both the Node B and UE. The HARQ entities are per data stream. On the other hand, in all the inter-NB schemes, there is a separate MAC-ehs entity at each Node B and two MAC-ehs entities at the UE. The RLC PDUs may be received out of order between the two cells. This may cause unnecessary retransmissons caused by the out-of-order RLC PDU reception. Some upper layer enhancements are necessary. One candidate scheme is discussed in [2]. 

The difference in the protocol stack discussed above is generally applicable to all the Intra-NB and Inter-NB schemes discussed in the previous section. 
4
Comparison of candidate schemes
The following table compares all the above candidate schemes in terms of their requirements on the network, UE and bandwidth. 
Table 1 Comparison of the candidate schemes
	Scheme
	# carriers in network
	UE RxD requirement 
	# of simultaneous packets 
	# CQI streams at UE
	Intra-NB and Inter-NB

Scenario

	SF-DC Aggregation
	1
	RxDiv
	2
	2
	Both

	SF-DC Switching
	1
	Single Rx
	1
	2


	Intra-NB only

	DF-DC Aggregation
	2
	Single Rx
	2
	2
	Both

	DF-4C Aggregation
	2
	RxDiv
	3 or 4
	3 or 4
	Both

	DF-4C Switching
	2
	Single Rx
	2
	3 or 4


	Intra-NB only
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