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1. Introduction
MC-HSPA work item has been agreed in [1]. In this paper, we study the potential impact of this feature addition to the RAN2 specifications.
2. Background
In Rel 8, DC-HSDPA introduced the ability to receive on two carriers. A great effort was focused on minimizing the impact to implementation. Other than necessary changes to the HS-DPCCH to report two CQIs and two acknowledgements, there were no other changes to the physical layer operation. The MAC changes were minimized by keeping the operations on each carrier separate at the HARQ level, and by unifying all the layers above the HARQ entities. There were no changes required to RLC because the data rates were comparable to the operation in MIMO single carrier. The changes to RRC were condensed in one IE.

In this paper, we evaluate the MAC, RLC and RRC areas that might be impacted by the introduction of DC-HSDPA+MIMO. While we will work on minimizing the changes, the first objective should be to reach the promised data rates.
3. MAC
Only MAC-ehs is supported with DC-HSDPA. 

The addition of MIMO to DC-HSDPA boosts the possible peak data rate to 84 Mbps. 

From the specification point of view, we will need changes to be able to sustain these high data rates.

From the implementation point of view, the higher data rates will strain the network and the UEs. At the UE, the problem is more severe because of the need to minimize battery consumption in order to keep an acceptable battery life.
Since we will have to make specification changes, this is a good time to be forward looking as directed in [x]. After DC-HDSPA+MIMO, the next step would be to support 168Mbps. This target will be a good motivator and will shed a better light on the task ahead.
3.1. TSN expansion

TSN is the Transmission Sequence Number. In MAC-ehs, the reordering entity organises received reordering PDUs according to the received TSN. Data blocks with consecutive TSNs are delivered to reassembly entity upon reception. A timer mechanism determines delivery of non-consecutive data blocks to higher layers. There is one reordering entity for each priority class.
The MAC-ehs header is shown below:
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Figure 1 MAC-ehs header

We have 6 bits of TSN, which can address 64 packets. 
With a single carrier operation, and 8 TTI spacing between retransmissions, the 6 bits of TSN allow up to 8 maximum retransmissions before there could be an ambiguity because of the TSN wrap around. This can happen when one packet is being retransmitted while the others are received with 1 transmission. Since the high data rates are achieved under similar scenarios, it is important to be able to operate under these conditions.

With dual cell operation or with MIMO on a single carrier, this number is divided in two, because two TSNs can be used per TTI. Thus, we are down to 4 retransmissions.

When DC-HSDPA is combined with MIMO, we have a further reduction by two, and we can have only two retransmissions.

Looking further into the future, with 4 carriers and MIMO, we would be restricted to 1 retransmission. Adopting the position that we want to be future proof, we would want the ability to have 4 retransmissions like we have in Rel 8. 

Working the steps above backwards, we conclude that we need a TSN space of 256, or an 8 bits TSN.

Proposal 1: Rel 9 MAC will expand the TSN field to 8 bits at least.

3.2. Minimizing the UE processing requirements
Not only should the standard be able to sustain these data rates, but, we should be able to sustain these data rates at UEs. This is achieved by minimizing the number of data moving operations the UE needs to do at the reception of each packet or fragment of a packet.

The current MAC-ehs reassembly procedure forces the UE to process an RLC PDU multiple times before it can pass it to the upper layers.
Rel 9 MAC should avoid segmenting RLC PDUs when the number of RLC PDUs in a MAC PDU is greater than a certain threshold.

Rel 9 should define a maximum number of RLC PDUs per MAC PDU considering the UE processing constraints.

4. RLC Changes

Although the following discussion applies to the downlink, when introducing it in RLC, there is no harm in applying it to both the downlink and uplink.
4.1. SN 

The SN of RLC is adequate for the foreseeable future based on the following calculations.

RLC can have packets of 1500 bytes. Assuming RTT and the status prohibit timer are equal to 100 ms each, the sequence number space is enough for a 1500*8*2047/(RTT+status prohibit timer) = 122.82 Mbps.

We don't see a need to make any changes for the SN for Rel 9. For later releases, we might need to increase the SN space. If we decide to make RLC changes for other reasons, it would be a good opportunity to expand the SN range as well.

4.2. Minimizing the UE processing requirements
The current RLC has evolved into a very flexible header structure. This variable length header is optimized for the number of bits that are transmitted: some fields can take various different values and interpretations. At high data rates, it is not important to optimize the header structure as there are lots bits lost by the quantization of the transport block sizes (assuming no MAC segmentation at high rates). It is much more important to simplify the UE processing by having a simple fixed header structure.

 Rel 9 should introduce a fixed size simplified RLC header.

We should investigate the possibility of carrying the entire COUNT-C in the RLC header in order to accelerate the deciphering process.

5. RRC Changes
The RRC required changes are relatively simple:

· Evaluate the ability to turn on MIMO per carrier

· Evaluate the ability to configure STTD per carrier

· Add the "MIMO parameters" IE (10.3.6.41a) to the "Downlink secondary cell info" IE (10.3.6.31a)

· Add new UE categories

Since we cannot assume that MIMO will be available on both carriers due to legacy deployments, we propose:

Proposal 2: Allow MIMO to be configured per downlink carrier during dual cell operation.

It is advisable to turn on STTD on a carrier capable of MIMO to help non MIMO UEs and to avoid an increase in the Node B transmit power. If MIMO is not available on both carriers, we should be able to configure STTD per carrier:
Proposal 3: Allow STTD to be configured per carrier during dual cell operation.

When the second carrier is disabled and that the UE is capable of single carrier MIMO and that the Node B is deactivating the second serving HS-DSCH cell, we can enhance the network choice which is limited in Rel 8 between SC-SIMO and DC-SIMO.

Proposal 4: Allow a pre-configuration of SC-HSDPA MIMO, when the UE is configured with DC-HSDPA (no MIMO).

6. Conclusion

It is proposed to agree on the following:

Proposal 1: Rel 9 MAC will expand the TSN field to 8 bits at least.

Proposal 2: Allow MIMO to be configured per downlink carrier during dual cell operation.

Proposal 3: Allow STTD to be configured per carrier during dual cell operation.

Proposal 4: Allow a pre-configuration of SC-HSDPA MIMO, when the UE is configured with DC-HSDPA (no MIMO).
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