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1.
Introduction
This paper discusses options how to configure and reconfigure semi persistent resources in LTE.
2.
Discussion
The resources used for semi-persistent scheduling needs to be setup at the beginning of a connection. In addition a reconfiguration of the resource should be possible at least once per talk burst in order to start using the semi persistent resource in when the talk burst starts. It is also a need to revoke the semi persistent resource at the end of the talk burst to avoid collisions with dynamically scheduled users, which may either be done explicitly or via a predefined rule (e.g, a given number of unused resources leads to revoking of the grant). All in all this requires that the resources can be re-configured 1-2 times per talk burst which corresponds to 1-2 reconfigurations/s with a talk burst duration of 1s.
Different solutions on how to configure and reconfigure resources for semi persistent resources have been discussed. The main alternatives are

· (re)configuration via RRC

· (re)configuration using PDCCH

· (re)configuration via MAC control elements

In the following we focus the discussion on the two latter since no companies have showed support for RRC reconfigurations.

2.1 (re)configuration using PDCCH 

Using PDCCH for reconfiguring the semi-persistent resources has been proposed in earlier contributions.  In practice this method would probably also involve RRC configuration since information such as periodicity of the grant is unlikely to fit in the PDCCH. Also, it is unclear how a PDCCH solution could support the use of several resources with blind decoding which has been agreed in downlink. Two flavours of the PDCCH solution have been proposed:

Using a special format on PDCCH indicated by a dedicated bit [1] and using the existing PDCCH format with reserved code points indicating persistent grants [2]. 

2.1.1 
Using a special format on PDCCH [1]

In this solution a special format on PDCCH is used to indicate a persistent grant. A dedicated bit is needed to distinguish between persistent and non persistent grants. Even if one bit does not sound much this bit needs to be sent every time a user is scheduled even if the UE is not using semi persistent scheduling at the moment or if semi persistent scheduling is not used at all in the cell. It also requires that a special PDCCH format is defined only for the purpose of semi persistent scheduling which is questionable. The analysis in [1] indicates that this method requires a low number of PDCCHs to be sent but the analysis does not consider the increased overhead due to larger grants.
2.1.2
Using the existing PDCCH format [2]

An alternative solution has been presented (for the downlink only) in [2] where the PDCCH format is not modified. Instead a reserved code point in the grant is used to indicate that the grant is persistent. In DL it is proposed in [2] that this could be done by mapping the persistent resources to a specific HARQ process. Whenever that HARQ process is indicated in a grant the grant would be persistent. This has the clear benefit that no special format on PDCCH is required. Some issues are however unclear with this method;

· It is not possible to revoke the persistent grant explicitly (every grant for the reserved process will be interpreted as new grants), i.e. the grant will be valid as long as the source produces payload. It is not clear that this is a good design choice or even acceptable if the source is e.g. a video source
· It is unclear how the solution would work in uplink since the HARQ process is not explicitly signalled. One possibility is to use one reserved value of the RSN. This however reduces the number of possible redundancy versions.
· There will be a negative impact on user throughput since the reserved HARQ processes are occupied for persistent scheduling only and since it is difficult with this method to momentarily allocate more resources in a TTI than is given by the persistent grant (typically low rate).

One issue to consider for both PDCCH based solutions  is that the loss rate of the PDCCH is in the order of 1% [3]. To assure sufficient robustness of the scheme the scheduler would thus have to repeat the persistent grant on the PDCCH.
2.2
(re)configuration via MAC control elements

Another solution is to use MAC control elements to reconfigure the semi-persistent resource. Compared to using RRC this alternative would require less overhead since the RRC specific fields are not needed. The loss rate and max delay would depend on the number of HARQ retransmissions, with e.g. max 3 HARQ transmissions the delay would be less than or equal to 16 ms and the loss rate significantly less than 1% meaning that it would be feasible to achieve a very robust transmission of the persistent grant before the upcoming VoIP frame is transmitted. The timing (periodicity and offset to a reference counter) of the semi-persistent resource is proposed to be configured via RRC at the beginning of the connection (reconfigurable if needed) and the MAC control element only includes information of the physical resources.  This means that the timing of the grant is independent on the number of HARQ retransmissions that are needed for transmission of the grant.
3.
Summary and Conclusions
Based on the above discussion we propose to (re)configure the resources for semi persistent resources via MAC control elements. The timing information (periodicity and offset to a reference counter) could preferably be configured via RRC. 
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