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1 Introduction

This document analyzes the impact of different solutions to the reordering issue discussed in [1].

2 Summary of the issue
Node B transmissions over the high-speed channel that are made without knowledge of the UE identity (i.e. using a common H-RNTI) present a difficulty for the support of reordering. The Node B cannot use UE-specific TSNs since the identity of the intended receiver is not known at the MAC-ehs sub-layer of the UE.  Thus, a UE starting to listen to such transmissions has no knowledge of the next TSN to expect for in-sequence delivery.
In [1] two possible approaches have been considered, one being to remove support of reordering altogether and the other to modify the reordering algorithm to ensure graceful behaviour when the UE starts to receive. For certain types of logical channel (BCCH, PCCH) carrying RRC messages that can normally fit into a single MAC-ehs PDU, the approach of removing reordering is clearly more attractive. However, it is not so clear what the best approach is when the RRC message cannot be assumed to always fit into a single MAC-ehs PDU, as is the case with messages carried over CCCH. In the following we analyze each alternative.
3 Analysis of options
3.1 Skip reordering functionality in MAC-ehs
If the reordering functionality in the MAC-ehs is not utilized, we can identify different two main options to ensure proper delivery of the RRC message.
a) Utilizing a single HARQ process or a single HARQ transmission
b) Segmenting and reordering data at RLC or RRC
3.1.1 Option (a)

With option (a) the segmentation/reassembly functionality would be maintained in the MAC-ehs sub-layer. The TSN field of the MAC-ehs PDU could still be used for reassembly purposes but not for reordering. If a single HARQ process is used, a message that can be fit into 2 MAC-ehs PDUs would be transferred in more than 36 ms (assuming 2 HARQ transmissions and 12 ms between retransmissions). It would be possible to reduce this delay to a smaller value by reducing the minimum interval between transmissions on the same HARQ process (currently specified in section 11.6.2.2 of the MAC specification). However, there could then be an impact on the UE complexity. Instead of utilizing a single HARQ process, the network could choose a very conservative MAC-ehs PDU size and transmit a single HARQ transmission on possibly consecutive HARQ processes. With this approach the overall transmission delay can maintained to a relatively small value at the cost of inefficient use of cell resources due to the absence of HARQ combining.
The advantage of these solutions is that there is very little impact to the L2/3 protocols. The drawback is performance degradation in terms of delay or system resources.

3.1.2 Option (b)

With option (b) the segmentation functionality would not exist (or not be used) at the MAC-ehs sub-layer. The RRC or RLC layers in UTRAN would ensure that until the UE gets its dedicated H-RNTI, the size of generated MAC-ehs SDUs are within a value such that no segmentation is required at MAC-ehs (e.g. less than 200 bits).

Segmentation could be performed at the RLC layer. This would require expanding the DAR functionality of RLC UM to the CCCH and DCCH channels for this purpose since MAC-ehs SDUs could still be delivered out-of-order.

Another possibility would be to modify the RRC protocol so that a message containing only a minimal amount of information (e.g. the C-RNTI and H-RNTI) is transmitted first. Subsequent information would be transferred using the signalled dedicated H-RNTI. However, this solution is not preferred due to the significant changes that would be required.
3.2 Modify reordering functionality in MAC-ehs
It could be argued that since the problem arises within the reordering algorithm in the MAC, the best approach is to define a solution at that level and keep modifications to a minimum elsewhere.
The current reordering procedure sets the initial value of next_expected_TSN and RcvWindow_UpperEdge to 0 and 63 respectively. If the TSNs of the first received PDUs happen to fall between (63 – RECEIVE_WINDOW_SIZE + 1) and 63 these PDUs would be discarded, which is not acceptable. Therefore, a possible modification could be to set these variables based on the value of the TSN of the first received PDU. For instance, next_expected_TSN can be set to SN + 1 and RcvWindow_UpperEdge to SN upon reception of the first received PDU with TSN = SN.
As shown in Figure 1 below, this does not solve all issues. The figure shows a transmission scenario where (for simplicity) the Node B performs 2 HARQ transmissions per MAC-ehs SDU. In scenario (A) the UE has been able to receive first TSN = 12 before TSN 7 to 11. As next_expected_TSN is set to 13 upon reception of the first PDU (TSN = 12), PDUs with TSN between 7 and 11 would be discarded, which is undesirable. Thus, setting the value of next_expected_TSN upon reception of the first PDU is premature. It would be preferable to start a timer (T1) upon reception of the first PDU and wait for its expiration to avoid discarding PDUs or delivering out-of-sequence PDUs. The T1 timer could be set to a value of the order of the maximum HARQ transfer delay of a single PDU (about 12 TTIs in this example). This delay is smaller than what would be obtained with the “single HARQ process” option. After expiration of the timer the values of next_expected_TSN and RcvWindow_UpperEdge can be set to more appropriate values. It can be verified that such an approach would also function in scenario (B) where the UE first receives a PDU with low TSN.

[image: image1]
Figure 1. Possible scenarios when UE starts listening to the common H-RNTI
The changes to the MAC specification to support this approach consist of

a) Defining a special value for the initial value of the variables next_expected_TSN and RcvWindow_UpperEdge.  
b) Modify the reordering procedure to specify the behaviour when these variables are set to the special value.

4 Conclusion

It has been shown that we need to disable or redesign the reordering functionality in order to properly process messages when there is no dedicated H-RNTI. From the above analysis, it appears that the most promising solutions to the issue are:
1) Perform single HARQ transmission per MAC-ehs PDU
2) Perform segmentation and reordering at RLC

3) Modify MAC-ehs reordering procedure to address the case where initial TSN is not known 

The advantage of solution (1) or (2) is that it would be more in line with the approach already selected for the BCCH/PCCH channels. The advantage of solution (3) is that it minimizes the changes required in specifications other than the MAC.
InterDigital does not have a strong view as to which of these three solutions should be adopted. 
It should also be noted that regardless of the solution chosen, there is a need to specify to the UE that the reordering procedure must be skipped or modified for certain logical channels. This could be done either in the RRC or the MAC specification.
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