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1
Introduction

Views on the combination of SPS and TTI bundling did not converge in RAN2#63. This contribution tries to give some further analysis on this issue. The proposal is not to restrict the combination of SPS and TTI bundling for FDD or TDD.
2
Discussion
The main motivation of TTI bundling is to improve UL coverage. The main purpose of SPS is to save PDCCH resources. They can both reduce the PDCCH signalling overhead. 
2.1
Justification for combination of SPS and TTI bundling
A point of not to support the combination of SPS and TTI bundling for TDD lies in the potential collisions with DL subframs if a single periodicity for SPS is configured, as analysed in [1], multi-pattern should be defined in order to support combination of SPS and TTI bundling in TDD. Since we agreed to support UL SPS resource allocation of 2 different intervals between adjacent SPS resources for TDD in the last meeting, this point may not stand any more. In addition, dynamic scheduling can override SPS if collisions may occur for the reserved SPS HARQ process using TTI bundling if combination is allowed. Even though some overriding operations exist, PDCCH signalling overhead can still be reduced significantly with the combination of SPS and TTI bundling.
It was also observed in [1] that the gain achieved in PDCCH usage saving by the combination of TTI bundling and SPS is questionable because the proportion of users that require TTI bundling is only about 10~20% when VoIP capacity reaches its maximum. Applying SPS to those users should help to further reduce PDCCH signalling, more evaluation is still needed to conclude that the overall gain for the cell seems marginal. If the added complexity is limited and there are indeed concrete gains even though not significant, it can be justified to support the possibility of combination of SPS and TTI bundling. At least for FDD, the additional complexity is rather low. As for TDD, the main complexity lies in TTI bundling rather than in 2-pattern SPS, and the extra complexity for the combination of SPS and TTI bundling also seems limited.

It was pointed out during the discussions in RAN2#63 that TTI bundling is more efficient than SPS for cell edge users, and the added value is not as large as each feature on its own. It does not necessarily mean that they can not be used in combination. As SPS is typically applied to VoIP even if the persistent resources are allocated per UE, it seems quite natural to continue the usage of SPS for cell edge VoIP users with TTI bundling turned on. Concrete gains can still be expected because a PDCCH signalling for initial transmission of each bundle is saved.
On the other hand, what is the gain of not to support the combination of SPS and TTI bundling. Perhaps the main motivation is to reduce complexity for UE implementation. As analysed above, the added complexity for the combination is limited for FDD and TDD. 
Proposal 1: Not to remove the possibility of combination of SPS and TTI bundling for FDD or TDD, at least for FDD.
No special handling is needed in the specification. The eNB can (re-)configure SPS interval and TTI bundling with RRC signalling as today. If the eNB does not intend to use the combination of SPS and TTI bundling, it just does not send PDCCH to activate the SPS, or it sends PDCCH to release SPS resources if SPS is ongoing. Otherwise it sends PDCCH to activate the SPS. 
From flexibility point of view, whether or not to support the combination of SPS and TTI bundling can also be configurable. An IE of Boolean type can be added to the RRC signalling of configuring SPS interval and TTI bundling. 
Proposal 2: Consider to make it configurable whether or not to support the combination of SPS and TTI bundling.

2.2
UE behaviour when combination of SPS and TTI bundling is not allowed or configured to “OFF”
If combination of SPS and TTI bundling is not allowed or configured to “OFF”, UE should not operate SPS and TTI bundling simultaneously. The eNB can ensure this by configuration. It may be beneficial to define a priority order of SPS and TTI bundling, say, TTI bundling has higher priority. There are 2 kinds of scenarios to consider:
Proposal 3: If combination of SPS and TTI bundling is not allowed or configured to “OFF”, define a priority order for SPS and TTI bundling. E.g. TTI bundling has priority over SPS.

Scenario 1: SPS is ongoing when the eNB intends to turn on TTI bundling
Option 1: The eNB sends PDCCH to release SPS resources first, and then it sends RRC signalling to turn on TTI bundling. 
No special handling for UE behaviour, current specification already supports.
Option 2: The eNB sends RRC signalling to turn on TTI bundling directly, the UE releases SPS resources upon reception of the RRC signalling.

A new trigger of releasing SPS resources needs to be defined. UE RRC indicates MAC to perform release operation.

Considering the delay and reliability of PDCCH, option 2 is preferred.

Proposal 4: If combination of SPS and TTI bundling is not allowed or configured to “OFF”, UE RRC indicates MAC to release SPS resources upon reception of RRC signaling of switching on TTI bundling if SPS is ongoing.
Scenario 2: SPS is not activated when the eNB intends to turn on TTI bundling

The eNB sends RRC signalling to turn on TTI bundling directly, no special handling for UE behaviour, current specification already supports. The eNB should ensure not to send PDCCH to activate SPS if SPS interval is also configured in this RRC signaling or has been configured previously. If the UE receives PDCCH of activating SPS under this scenario, it should assume the PDCCH signaling invalid.
Proposal 5: If combination of SPS and TTI bundling is not allowed or configured to “OFF”, UE omits PDCCH signaling of activating SPS if TTI bundling is turned on.

2.3
UE behaviour when combination of SPS and TTI bundling is allowed or configured to “ON”
If combination of SPS and TTI bundling is allowed or configured to “ON”, UE can operate SPS and TTI bundling simultaneously. There are 2 kinds of scenarios to consider:

Scenario 1: SPS is ongoing when the eNB intends to turn on TTI bundling

SPS resources are previously configured not considering TTI bundling. If UE continues using the old SPS configuration, there may be many collisions when TTI bundling is turned on since some persistent resources that to be used by subframes for initial transmission or non-adaptive retransmissions within the bundle may have been allocated for other UEs. So the eNB may probably reconfigure SPS by PDCCH for the UEs operating TTI bundling. Reconfiguration of SPS resources may need to apply to several such UEs to avoid potential collissions. Complexity is related to the number of UEs which will run SPS with TTI bundling. Sometimes it may be difficult to avoid collisions and overriding with dynamic scheduling has to be relied upon. However, no specification efforts for UE behaviour are identified for this scenario. The UE just operates according to configured persistent resources or PDCCH signalling as normal.
Observation 1: In this scenario, no special handling for UE behaviour, current specification already supports.

Scenario 2: SPS is not activated when the eNB intends to turn on TTI bundling

The eNB can configure SPS interval and TTI bundling with RRC signalling, then sends PDCCH to activate SPS. If SPS interval has been previously configured, the eNB only needs to configure TTI bundling to “ON” with RRC signalling, then activates SPS with PDCCH signalling. When activating SPS with PDCCH, the eNB would consider allocating persistent resources avoiding collisions among UEs for TTI bundling operation; If not applicable, the eNB would use dynamic scheduling to override the persistent resources to avoid collisions. Still no specification work is needed, the UE just operates following the configuration or PDCCH signalling as normal.
Observation 2: In this scenario, no special handling for UE behaviour, current specification already supports.
Proposal 6: Current specification already supports the combination of SPS and TTI bundling. 
3
Conclusion

In this contribution, it is thought that combination of SPS and TTI bundling can be achieved with concrete gains and acceptable added complexity for TDD and FDD, and current specification already supports this possibility.
Proposal 1: Not to remove the possibility of combination of SPS and TTI bundling for FDD or TDD, at least for FDD.
Proposal 2: Consider to make it configurable whether or not to support the combination of SPS and TTI bundling.

Proposal 3: If combination of SPS and TTI bundling is not allowed or configured to “OFF”, define a priority order for SPS and TTI bundling. E.g. TTI bundling has priority over SPS.

Proposal 4: If combination of SPS and TTI bundling is not allowed or configured to “OFF”, UE RRC indicates MAC to release SPS resources upon reception of RRC signaling of switching on TTI bundling if SPS is ongoing.
Proposal 5: If combination of SPS and TTI bundling is not allowed or configured to “OFF”, UE omits PDCCH signaling of activating SPS if TTI bundling is turned on.

Proposal 6: Current specification already supports the combination of SPS and TTI bundling. 
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