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1. Introduction

For semi-persistent scheduling there are still several issues undecided. Following RAN2#62 there was an email discussion on the open topics regarding SPS. This contribution treats several of the open issues for DL persistent scheduling as well as deactivation of SPS for UL and DL.

2. Discussion
In the following discussion section the C-RNTI used for the PDCCH activating SPS is named SPS-C-RNTI. In the same manner the PDCCH that is intended for persistent scheduling activation and has a CRC field masked with the  SPS-C-RNTI is named a SPS-PDCCH. 

2.1. Sharing or reserving how many HARQ processes?

Regarding the HARQ process allocation for semi-persistent scheduling the following questions are open:

1. Is an HARQ process that is intended to be used for persistent scheduling only assigned or reserved for SPS? The latter one would mean that the HARQ process is exclusively used for persistently scheduled transport blocks, while the first would mean that usage for dynamically scheduled transport blocks is still possible (with restrictions) on this HARQ process.

2. How many HARQ processes are assigned or reserved for SPS?

The motivation for assigning more than one HARQ process to SPS derives from the analysis that there is a high probability that an SPS transmission does not finish within the periodicity of two SPS initial transmissions and thus the retransmission needs to extend into the next period.

For extending the maximum time of SPS transmissions beyond the SPS interval, more than one SPS transport block needs to be stored at the same time which implies that – as proposed in [1] and [2] - more than just one HARQ process is mapped to SPS. 

However, if more than one HARQ process is in use for SPS transmissions, to mitigate the effects on the maximum data rate, it was proposed to allow the usage of an HARQ process assigned to SPS also for dynamic scheduling. Then, if a SPS transmission finishes before the maximum transmission time, this HARQ process can be used for dynamically scheduled transport blocks until the next SPS initial transmission occurrence.

We think that the above proposal is problematic because of the following reasons:

· Process sharing is contradicting the mapping of several processes to SPS. The necessity to extend the transmission time beyond one SPS interval contradicts the availability of the process for dynamic scheduling because the former assumes there are not sufficient retransmission oppurtunities within one SPS interval to finish the transmission and the later assumes there are sufficient retransmission opportunities available within two SPS intervals to finish the SPS transmission as well as a second dynamically scheduled transmission.

· Process sharing introduces the risk of wasting PDSCH/PDCCH resources. When reusing a HARQ process assigned to SPS transmissions for dynamic transmissions there is a risk that a dynamic transmission cannot be successfully finished before the next SPS initial transmission occurs. Basically, there is only a limited transmission time for dynamic transmissions reusing a SPS HARQ process which might not proof sufficient to finish the transmission successfully. When this happens, the dynamic transmission is lost and PDCCH and PDSCH resources were wasted.

Concluding from the above issues, we see the need for a strict separation between semi-persistent and dynamic scheduling in terms of HARQ process usage. Therefore we propose that HARQ processes mapped to SPS are strictly reserved for semi-persistent scheduling.

Also concluding from the impact on the maximum data rate and scheduling freedom we propose that only one HARQ process ID is mapped to SPS. The reserved HARQ process ID that is used for SPS HARQ operations is signalled in the RRC SPS configuration message.
However, we see the need to store more than one semi-persistently scheduled transport block at a time in order to extend the maximum transmission time for SPS. A solution on how to do this with just one HARQ process reserved for SPS is presented in section 2.4.

2.2. Signalling of retransmission

From a design point of view we assume that the SPS-C-RNTI was introduced to distinguish persistent assignments from dynamic assignments. The SPS-PDCCH for activation is a persistent assignment and uses the SPS-C-RNTI. A retransmission, however, is a dynamic one-time assignment and for this reason should use the dynamic C-RNTI. Therefore, we propose that a SPS retransmission is indicated by a dynamic PDCCH using the dynamic C-RNTI.

SPS retransmission assignments can be distinguished from dynamic retransmission assignments easily by their usage of the reserved HARQ process ID in the HARQ process ID field of the PDCCH. We propose that the HARQ process ID field in the SPS-PDCCHs will point to the reserved HARQ process used for SPS. Dynamic C-RNTI plus reserved HARQ  process ID will uniquely identify this PDCCH as a SPS retransmission assignments.
Since a SPS retransmission can already be identified as discussed above, the actual function of the NDI is of no use in case of SPS. Furthermore initial SPS transmissions use the persistently allocated resources, which implicitly indicate new data. Still using the NDI in it’s intended way would introduce further complexity since the NDI would have to be managed internally within eNB and UE since the persistent assignments are not accompanied by a PDCCH and thus no NDI can be indicated.
2.3. SPS HARQ buffer management

With regard to the equal buffer split mentioned above, the memory size of a HARQ process is always significantly more than double compared to the size of the data transmitted on the persistently allocated resources (i.e. VoIP packets).  For instance a Category 1 UE [3] needs to be able to receive 10040 bits in one TTI, which is already the lowest requirement for a E-UTRA UE. A full rate VoIP packet is of a size of 320 bit and thus would occupy only around 3% of a Category 1 UE’s HARQ buffer. For higher categories the percentage is even lower.

A solution for expanding the maximum transmission time as described in the paragraphs above without further inflicting limitations to the maximum data rate of the UE is to store the data of two initial SPS transmission in a single HARQ process. It should be noted that this functionality is already supported for MIMO spatial multiplexing operations where two codewords are stored within one subframe transmission. Here, we think no spatial multiplexing within UE is applied for persistent scheduling.
Buffer management for the HARQ process reserved for SPS is then similar to HARQ buffer management in MIMO mode. Transport blocks received on the persistently allocated resources will be alternately stored in an upper and lower part of the SPS-reserved HARQ buffer’s memory.
We propose that two transport blocks can be stored at a time in the reserved HARQ process buffer.
For correctly associating SPS-retransmissions to one of the transport blocks stored in the SPS-HARQ buffer a field in the retransmission PDCCH indicates the respective transport block. 

Since the NDI field in the SPS retransmission assignment is deprived of it’s initial function it can be used as an indicator to distinguish between the two transport blocks stored in the reserved SPS HARQ process.

Thus, the NDI field in the SPS-retransmission PDCCH indicates which of the two transport blocks stored in the reserved HARQ process buffer the retransmission has to be combined with.
Figure 1 below depictures the mechanisms described above.
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Figure 1 - retransmission scheme for SPS

2.4. Activation

Activation of SPS is done as decided in RAN2#61 by using a SPS-PDCCH which is activating the persistent assignment on the indicated RBs and the MCS together with the periodicity signaled in the RRC configuration message. Furthermore, when mandating that the HARQ process ID field of the DL SPS-PDCCH indicates the HARQ process ID of the process reserved for SPS [1] as configured by RRC, the false alarm rate can be reduced.

Another measure to reduce the false alarm rate is to limit the allowed time frame for SPS activation to the on-duration time of the UE.

2.5. Deactivation of UL and DL SPS

Explicit deactivation of SPS is necessary, especially in regard to UL SPS in order to avoid wasting UL resources. In order to avoid UL collisions the deactivation needs to be reliable.

Deactivation of SPS in UL and DL can be done by sending a further activation SPS-PDCCH. To distinguish this deactivation from the actual activation a special codepoint in the PDCCH would be needed. A zero-size TBS in the MCS field or a zero-resource-allocation in the RB field of the PDCCH could be a codepoint for identifying SPS deactivation.

A further method for deactivating SPS is defining new MAC CEs for SPS deactivation. Avoiding the usage of the PDCCH format has the advantage of keeping the SPS-PDCCH the same as the dynamic PDCCH format since no additional codepoints need to be introduced. Additionally, since the MAC CE is received via PDSCH the use of HARQ is inherent, therefore this method is more robust than deactivation via PDCCH and lowers the risk of missing the deallocation thus reducing the probability of creating interference in the UL. 

Given the above reasons we prefer to signal the deactivation for SPS as by MAC Control Element in order to ensure safe reception thus minimizing the possibility of UL interference.
Since deactivation of UL and DL SPS can occur at different times, a possibility to deallocate UL SPS independently is needed. 
We therefore propose to define one MAC CE for UL SPS deactivation and a further one for DL SPS deactivation. DL and UL SPS can be deactivated simultaneously by sending both MAC CEs at the same time.
3. Conclusion
In the following we summarize the proposals made in the discussion section of this document.

Proposal 1: HARQ processes assigned to SPS transmissions are strictly reserved for semi-persistent scheduling.

Proposal 2: We propose that only one HARQ process ID out of the available HARQ process IDs for dynamically scheduled data is mapped to SPS.

Proposal 3: The reserved HARQ process ID that is used for SPS HARQ operations is signalled in the RRC SPS configuration message.
Proposal 4: Two transport blocks can be stored at a time in the reserved HARQ process buffer.
Proposal 5: The allowed time frame for SPS activation is limited to the on-duration time of the UE.

Proposal 6: A SPS retransmission is indicated by a dynamic PDCCH using the dynamic C-RNTI.

Proposal 7: The HARQ process ID field in the SPS-PDCCHs will point to the reserved HARQ process used for SPS. Dynamic C-RNTI plus reserved HARQ  process ID will uniquely identify this PDCCH as a SPS retransmission assignment.

Proposal 8: The NDI field in the SPS-retransmission PDCCH indicates which of the two transport blocks stored in the reserved HARQ process buffer the retransmission has to be combined with.
Proposal 9: Deactivation for SPS is signalled by MAC Control Element in order to ensure safe reception thus minimizing the possibility of UL interference.

Proposal 10: Definition of one MAC CE for UL SPS deactivation and a further one for DL SPS deactivation. DL and UL SPS can be deactivated simultaneously by sending both MAC CEs at the same time.
Reference
[1] R2-081831, “HARQ retransmission for the DL persistent scheduling”, Samsung

[2] R2-081599, “Re-Transmission of Persistent Scheduling”, LG Electronics Inc.

[3] 3GPP TS 36.306 V8.1.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio access capabilities”

[4] R2-08XXX, “Persistent scheduling activation, retransmission and deactivation”, Panasonic

[5] 3GPP TS 36.321 V8.1.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification”, with updates from R2-082049







































3GPP


_1270885620.vsd
�

�

1


2


3


time


UE


Persistent Resource


Dynamic Resource


Allocation by persistent resource


Allocation by PDCCH


NACK


transport blocks (i.e. VoIP data)


Time boundary for retransmission of transport block 1




store as first TB in reserved HARQ process


store as second TB in reserved HARQ process


store as first TB in reserved HARQ process


reTX w. NDI=0 indicates combination w. first TB stored in HARQ process


       


        


       


NACK


NACK


ACK


ACK


ACK


reTX w. NDI=0


reTX w. NDI=1 indicates combination w. second TB stored in HARQ process


Time boundary for retransmission of transport block 2





