3GPP TSG-RAN WG2 #64           
 R2-086144
Prague, Czech Republic, 10th – 14th Nov., 2008
Agenda Item
: 
6.1.1.3
Source
: 
ASUSTeK
Title
:
Clarification on UE behaviour at TTI bundling configuration
Document for
:
Discussion and Decision
1 Introduction

In the last RAN2 meeting, we raised an issue on how to handle the TBs already stored in the UL HARQ buffers when TTI bundling is configured [1]. During the offline discussion, it was commented that eNB could wait until all the TBs are flushed due to reaching the maximum transmission number before initiating TTI bundling configuration. 

When discussing a contribution on SPS and TTI bundling in the last meeting [2], it was clarified that TTI Bundling + SPS for FDD can be supported. With simultaneous SPS and TTI Bundling, we think further clarification on UE behaviour at TTI bundling configuration is needed. Besides, NDI issue at TTI bundling configuration is also discussed.

2 Discussion
2.1
Issues on UE behaviour at TTI bundling configuration
According to the RAN1 LS on TTI bundling [3], the usage of bundling is switched on/off per UE with higher layer signalling and bundling would apply to all uplink transmissions using PUSCH after switch on. 

In our understanding, after TTI bundling is configured (or switched on) the next PDCCH with an uplink grant or the next configured uplink grant for a new transmission will trigger the first bundle transmission as shown in Figure 1 so as to synchronize the process timing between UE and eNB. The HARQ entity is then responsible for invoking the HARQ process TTI-Bundle-Size times. We think process timing synchronization is very critical because the HARQ process number changes from 8 to 4 at transition to TTI bundling, both UE and eNB need to know when the change should occur.
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Figure 1. TTI bundle switch on

If there are TBs existing in the UL HARQ buffers due to transmission not successful when TTI bundling is configured, how should these TBs be handled? According to the RAN1 LS, bundling would apply to all uplink transmissions using PUSCH after switch on. In the current MAC specification [4], the HARQ process also handles these TBs in bundle way i.e. based on the CURRENT_TX_NB and TTI_BUNDLE_SIZE. But, we think this would not work because eNB does not know the exact timing when TTI bundling is configured in UE.

Besides, since normally there will be TBs existing in the UL HARQ buffers regardless of transmission successful or not and the HARQ process number changes from 8 to 4 at transition to TTI bundling, how eNB sets the right NDI values to trigger the new transmissions with TTI bundles on these 4 processes should also be considered.

Similar situation exists when TTI bundling is switched off regarding how to handle the TBs stored in the UL HARQ buffers and how to set the right NDI values as shown in Figure 2.
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Figure 2. TTI bundle switch off

2.2
Potential Solutions

To resolve the above issues, we proposed a simple solution in the last meeting just to flush all the uplink HARQ buffers when TTI bundling is switched on or off. Once all the uplink HARQ buffers are flushed, both issues of existing TBs handling and the NDI setting can be eliminated. 

It was commented during the offline discussion at the last meeting that eNB could wait until all the TBs are flushed due to reaching the maximum transmission number before initiating TTI bundling configuration. 

However, if SPS has been configured for uplink, a new transmission due to the configured grant will be initiated before the maximum transmission number for the previous TB is reached as shown in Figure 3. So we think in this situation, there will always be TBs existing in the UL HARQ buffers during the talk period and it would be impossible for eNB to wait until all the TBs are flushed before TTI bundling configuration. 

Besides, the TBs of successful transmissions will still be stored in the buffers. So the NDI issue remains even if eNB delays the TTI bundling configuration. 


Assume VoIP with 20ms period and max transmission number of 5.
Figure 3. TTI bundle configuration

Another alternative could be for UE to continue non-adaptive retransmissions of the existing TBs in non-bundling way until the next uplink grant due to PDCCH or SPS occurs after TTI bundling is configured and also flush all uplink HARQ buffers when the next uplink grant occurs. So, we can say TTI bundling is activated when the next uplink grant occurs – a similar concept with the SPS operation i.e. it is configured first and then activated. 

A similar way can be applied to TTI bundling de-configuration i.e. for UE to continue non-adaptive retransmissions of the existing TBs in bundling way until the next uplink grant due to PDCCH or SPS occurs after TTI bundling is de-configured and also flush all uplink HARQ buffers when the next uplink grant occurs. 

So, we have 2 alternatives:

Alternative 1: UE shall flush all uplink HARQ buffers when TTI bundling is configured or de-configured.
Alternative 2: After TTI bundling is configured/de-configured, UE shall continue the non-bundling/bundling transmissions until the next uplink grant due to PDCCH or SPS occurs and also flush all uplink HARQ buffers when the next uplink grant occurs. 

Alternative 2 keeps retransmissions of the existing TBs before TTI bundling activation and the complexity seems OK to us. So, we slightly prefer alternative 2. 

3 Conclusion
In this paper we discuss the issues on UE behavior at TTI bundling configuration. The following proposal is raised:

Alternative 1: UE shall flush all uplink HARQ buffers when TTI bundling is configured or de-configured.
Alternative 2: After TTI bundling is configured/de-configured, UE shall continue the non-bundling/bundling transmissions until the next uplink grant due to PDCCH or SPS occurs and flush all uplink HARQ buffers when the next uplink grant occurs. 

We kindly ask the group to discuss it and make decision.

CRs (based on 36.321 v8.3.0) corresponding to the above 2 alternatives are attached in the zip file.
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