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1 Introduction
In this contribution, we discuss various alternatives for increasing reordering depth for Dual Cell operation with MIMO. 
2 Implicit vs. explicit increase of reordering depth
During RAN2#65bis, it was agreed that the reordering depth needs to be increased due to increased data rates for dual cell operation with MIMO, as explained in e.g. [1]. 
The reordering depth can be increased either by explicitly increasing the TSN size, or by implicitly indicating part of the reordering SN to enable reordering of two PDUs with same TSN. 

2.1 Explicit increase of TSN

The explicit increase of TSN is relatively straightforward and consists of increasing the actual TSN field. The increase can be done in several ways. One example how this can be achieved is provided by Rel-7 TD-SCDMA multicarrier operation, where the TSN was increased by 3 bits inserted at the end of MAC-hs payload, just before (possible) padding, as shown in Figure 1. In our understanding such an approach is not the best suited for dual cell operation with MIMO, as it 

1. requires the full processing of the MAC-ehs header before the TSN can be known.
2. results in either non octet aligned header or payload
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Figure 1: MAC-hs PDU for 1.28Mcps TDD multi-frequency HS-DSCH operation mode

Alternative approaches would be to simply increase the TSN field size from 6 bits, but keep the current coding and location. Most obvious choice (leading to octet aligned header) would be 14 bits. The resulting header would be identical to one shown in Figure 2, but TSN1 to TSNk would be 14 bit fields each. 

The required increase in reordering depth depends on the number of MAC PDUs per TTI. At least 7 bits are needed to support Dual Cell operation with MIMO when 4 PDUs are transmitted per TTI, and 8 bits seems sufficient to support up to 4 cells.
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Figure 2: MAC-ehs PDU (possibly with 14 bit TSN field)
2.2 Implicitly increase using HARQ history

In most cases, it is possible to determine the actual transmission time (with relatively good accuracy) from the HARQ history. If the NW transmits the PDUs with increasing TSN values, if is possible to determine the correct order from the HARQ transmission history. 

For example, if the UE receives two PDUs with TSN=0, one of the two PDUs must have been retransmitted at least 2 times more that the other. Using the number of retransmissions required before the decoding of the MAC PDU was successful, it is possible to determine in which order the two PDUs should be reordered. 

[image: image3]
Figure 3: Example of using HARQ information to determine correct reordering sequence. Even though PDU2 is received before PDU1, it is possible to determine that PDU1 was transmitted before PDU2 based on the number of required HARQ retransmissions
However, there may be possible error cases, which may lead to packets being delivered out-of-order after HARQ feedback errors. 

2.3 Implicit increase using carrier information

If the scheduling of the PDUs is restricted, it is possible to encode part of the increase reordering SN to the used carrier. 

A simple example would be to require UE to always deliver PDUs with same TSN from carrier 1 before carrier 2.


[image: image4]
Figure 4: Example of using carrier information to determine the correct reordering sequence. If two PDUs with same TSN are received, the one from carrier 1 is always reordered before PDU from carrier 2
2.4 Summary of explicit vs. implicit increase

Some of the benefits of the explicit and implicit increase of TSN size are listed in Table 1.
	
	Benefits
	Drawbacks

	Explicit increase
	1. The current reordering functionality in the UE can be used

2. If the TSN is increased to at least 8 bits, the solution is future-proof for up to 4 carriers with MIMO


	1. It increases the header overhead. Based on octet aligned header formats, it seems that the most likely increase is 8 bits per reordering PDU.

2. A new MAC header format needs to be implemented and both conformance and interoperability tested

	Implicit increase using HARQ transmission history
	1. The current MAC header format can be used
	1. May be error-prone due to HARQ errors
2. New reordering functionality needs to be conformance tested

	Implicit increase using carrier information
	1. The current MAC header format can be used
	1. Creates a coupling between scheduling of data and reordering

2. New reordering functionality needs to be conformance tested


Based on discussion in RAN2#65bis and subsequent email discussion, it seems that most companies favour increasing reordering depth by explicitly increasing TSN size. From Ericsson point of view, the main concern we have with this approach is the need for a new MAC header format (highlighted in Table 1). However, provided that the modifications to the MAC-ehs header format can be limited, we would like to propose

Proposal 1: Explicit increase of TSN is used to increase reordering depth for dual cell operation with MIMO

3 Static vs. dynamic configuration of TSN size
Both Dual Cell operation and MIMO support Node B triggered activation and deactivation of the feature. It is expected that this mechanism is preserved when combined Dual Cell operation with MIMO is supported in Rel-9. 
The Node B activated Dual Cell operation with MIMO has some implications for the TSN size selection. 

If the TSN size is configured statically with RRC signalling, the extended TSN size needs to be used also for Dual Cell operation without MIMO and Single Cell with MIMO operation. This has two drawbacks. First, it is necessary to reconfigure the TSN size always when making a hand-over from a cell supporting Dual Cell operation with MIMO to a cell not supporting DC+MIMO. Second, it is not possible to use the shorter TSN size in a cell, which might turn Dual Cell operation with MIMO. 
The alternative is to allow dynamic change of the TSN size. The dynamic indication needs to be provided as part of the MAC-ehs header. As there are no reserved bits, the main possibilities are to use a special value of one of the existing fields. Most likely both LCH-ID and TSN can be used to indicate that the TSN field is extended. With special value of LCH-ID, the TSN field can be increased to 14 bits with 8 more bits of header overhead, while with a special value of TSN field only 8 bits TSN size can be obtained with 9 more bits of header overhead. These two methods are shown in Figures 3 and 4.
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Figure 5
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Figure 6
It should be noted that the dynamic TSN size needs some additional handing in the reordering functionality. One possible way to handle varying TSN size could be to use always larger TSN size for reordering, and expand the short TSN to full size by adding zeroes to least significant bits, i.e. TSN_short=101100 would be expanded to TSN=1010000000000 if 14 bit TSN is used.

The benefit of the dynamic change of TSN size is to allow the eNB to control the size of the TSN field, and only use the larger TSN size when Dual Cell operation is activated with MIMO.
As the support of dynamic change of TSN size does not seem to cause too many complications, and as the consequences of having static TSN size seem to restrict the NW deployment, we propose
Proposal 2: Dynamic TSN size change is supported
4 Preferred MAC-ehs header format

Even though it seems that it is rather early to decide on the exact header format for Dual Cell operation with MIMO, it seems that the most promising alternative fulfilling proposal 1 and proposal 2 is to indicate the presence of the extended TSN field with a special LCH-ID.
The resulting MAC-ehs header format would br shown in Figure 6.

5 Conclusion
We have analyzed the possible ways to extend the reordering depth for dual cell operation with MIMO. Based on the analysis of implicit and explicit extension, and taking other company positions into account, we would like to propose 
Proposal 1: Explicit increase of TSN is used to increase reordering depth for dual cell operation with MIMO

with the understanding that this does not lead to a new MAC protocol being for DC+MIMO.

In addition, we have discussed the dynamic and static TSN size configuration. The static TSN size configuration seems to restrict NW deployment, so we would like to propose
Proposal 2: Dynamic TSN size change is supported
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