3GPP TSG RAN WG1 #54bis Meeting

R1-08-3757
Prague, Czech Republic
29. September – 3. October 2008
Title: 
Issues on PDCCH with ‘virtual CRC’ in reducing false positive SPS activation/modification

Agenda Item:
4 Liaison statement handling
Document for: 
Discussion/Decision
1. Introduction

RAN2 decided to use a PDCCH grant to activate semi-persistent scheduling (SPS). On RAN1#53bis in Warsaw the problem of false activation of SPS due to PDCCH CRC false positives was discussed [5], [2] [3] [4]. After the discussion an LS was sent to RAN2 on which RAN2 answered in Jeju on RAN2#63 meeting with the LS R2-083903/R1-083475 [9] tasking the decision on selection of options again to RAN1.
In this contribution some not mentioned aspects shall be explained. Further our views on the issues especially the resource allocation restriction for SPS to gain ‘virtual CRC’ bits shall be given.
2. Review of impact of false SPS activation/modification
For Uplink and Downlink there are basically two effects of a false positive:
· Loss of talk spurt transmission

· Interference caused by wrong transmission of the UE
2.1. Uplink

· Due to a false activation the UE transmits on unauthorized UL resources maybe colliding with other UL transmission and thus produces interference until the buffer is empty. Based on RAN2 answer implicit release will occur after 2 to 5 transmissions.
· Due to a false modification the UE continues transmission on the wrong uplink resources creating interference and causing a loss of the uplink talk spurt transmission. The UE looks at the wrong (DL) resources for ACK/NACK mostly receives a NACK and does synchronous HARQ retransmissions but this does currently not release the SPS resource. 

What has not been considered so far is that on the other hand the eNodeB continues sending NACKs, does not receive the expected data nor empty buffer status reports (BSR) and can now take appropriate actions e.g. rescheduling with a higher error protection on more resources. This is done by sending a true modification PDCCH. After that the old resource is released in the UE, all the UL data is again correctly received and the rest of the talk spurt depending on the eNodeB reaction time is “rescued”. This is in contrast to the statement given in Warsaw in the LS [7] to RAN2 [that the talk spurt would be disturbed until it ends].
2.2. Downlink
· Due to a false activation the UE expects DL packets on RBs not intended for this UE and most probably transmits unauthorized NACKs on PUCCH resources that were preconfigured and modified causing interference on PUCCH. The resulting interference appears less a serious problem than in UL. The UE will continue sending NACK and will not receive an assignment for a retransmission => Further if an implicit release in this case or a DTX of NACKs could be standardized this would strongly reduce the severeness of this problem.
· Due to a false modification the UE expects transmission on wrong resources and transmits NACK on unauthorized resources which creates interference. Further on the correct resources the DL talk spurt is transmitted which leads to a loss of DL talk spurt transmission since these packets are not received. 

What has not been considered so far is that on the other hand the eNodeB does not receive ACKs and thus dynamically reschedules the lost packets which can then (maybe after 2nd retransmission) be correctly received by the UE, so that no DL talk spurt is lost. Further if the eNodeB finds out that continuously the first transmission is not received it can now take appropriate actions e.g. rescheduling with a higher error protection on more resources. After that, all DL data is correctly received, no UL NACKs create interference and the problem is solved. So in summary it seems that no DL talk spurt, even no part of it, is lost. This is in contrast to the statement given in Warsaw in the LS [7] to RAN2 [cause loss of DL data].
The loss of talk spurt problem is a problem for the individual UE and is not aggravated by increasing the number of UEs in the cell.

The interference problem is aggravated for UL when the number of SPS UEs increases. We can say if BW is the bandwidth and  
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is the number of UEs in the cell.
3. Contributions for reducing error cases by restriction of Resource allocation
In distinguishing what is useful or not useful for SPS transmission only the size of the allocation could be a differentiating criterion. Now limiting e.g. to small allocation only limits the resource allocation possibilities for large carrier bandwidth scenarios. So we can distinguish the cases:
· Small bandwidth (e.g. 1.4 MHz):

There is no Resource Allocation (RA) restriction possibilities for small bandwidth, so the lost talk spurt problem must be small enough already using the available bits for ‘virtual CRC’ other than from a restriction of RA.

After using these 6-7 bits the resulting interference problem can not be further reduced; if this is found to be too severe the CRC length might have to be increased!
· Large bandwidth (e.g. 10 MHz)

The lost talk spurt problem is as little (or as much) severe as in the case above even without RA restriction since it is a UE individual problem.

UL case Interference: In case of no hopping the interference problem is aggravated since the number of UEs (per subframe or) per cell is increasing compared to the case above, so a RA restriction in the sense of size limitation would bring a benefit here. In case of UL hopping the resource allocation can anyhow only be several RBs due to the decisions on the format 0 as given in Table 8.4-1 in TS 36.213 [6], so that the ratio of interfered RBs to the total bandwidth BW decreases which compensates for the increased number of UEs in the cell.

DL case Interference: Regarding NACK interference on PUCCH with an increased number of UEs in the cell we see that these unauthorized NACKs are transmitted more often. However these transmissions are distributed over a larger amount of ACK/NACK resources compared to the small bandwidth case, so that the proposed introduction of RA restrictions is not necessarily justified here.

In summary the only justification for the RA restriction that was found was for the UL no hopping RA case.
4. Drawbacks and Limitations of restricting Resource allocations

As submitted to the last meeting the Tdoc R1-083032 [8] discussed the possibilities to set two bits straightly to zero and also found several problems with that approach. We want to look here in summary at the different cases.
· UL format 0 


· In case of no hopping a possible allocation can be small or wide so a restriction to a window of allocation sizes for SPS brings a reduction of the false positive probabilities as desired.

· In case of a hopping allocation (which is the preferred one for SPS e.g. VoIP) only a smaller allocation is allowed in any case, so a restriction to a smaller allocation size brings in this case no reduction of false positive probabilities. So here there is not much to gain. On the other hand as regards the produced interference there is also only a smaller need. That is, if a UE falsely detects a hopping allocation this limits the number of used resource blocks (RB) in uplink and thus limits the produced interference.

· As concerns a possible limitation of the starting position of an UL allocation, this is seen especially counter productive since it would limit the whole VoIP capacity since it limits the usable bandwidth.

· DL format 1A 

· A restriction to certain frequency parts or starting positions does not make sense since this would e.g. limit the whole VoIP capacity. A restriction of the allocation size counted in RBs or in the Transport block size instead would work.

· DL format 1 


· An elimination of certain RBGs in type 0 or a restriction in the sense of a pre-selection of a certain subset in type 1 allocation or an exclusion of the shift as spelled out in the discussion in [8] would be absolutely misleading. Especially restricting to selection of certain subsets would be counter productive since these subsets were especially designed also for use for SPS! Hurting the achieved flexibility in the resource allocation methods for SPS especially when using this service does not make sense. Also as given as example in [8] a scheduling in only one subset in 10 MHz would reduce the whole DL VoIP capacity to 1/3 of the achievable value without this restriction!

A restriction of the allocation size in RBs or in Transport block size instead makes sense.

Restricting to a certain part of the band or starting position is not appropriate. In conclusion, given our specified Resource Allocation methods, the option 1 discussed in the LS does not make sense. It puts too many restrictions on the resource allocation for SPS (VoIP) usage going far beyond to what is reasonable to fix the SPS false positive problem. 

Limiting the available MCS for SPS can be done, but setting the MSB to zero is again not appropriate. The limitation has as well to be done according to option 2 meaning that certain code points have to be disallowed. So especially indices 
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in the range 0 – 16 in Table 7.1.7.2.1-1 in [6] should only be allowed since for 1 RB the index 
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 denotes a TB size that has lately been modified especially for VoIP usage.
5. Proposal

Some bits are already confirmed by RAN2 in [9] to be available for ‘virtual CRC’ increase. So for UL these are 6-7 bits and for DL 6 bits which already relaxes the situation. Based on the reasons given above, option 1 is certainly not reasonable and a solution along the lines of option 2 is proposed. It is proposed that:
-
the code points in the resource allocation corresponding to allocation larger than TB sizes of M bits  (M=1000 suggested) are reserved.

-
about 1 bit of the 5 MCS selection bits is reserved for the virtual CRC, as further restriction by allowing only the code points 0 to 16 in the TBS table 7.1.7.2.1-1 in [6] which means 19 signalling possibilities out of 32 possibilities.
It is also proposed that RAN2 should specify an implicit release of DL SPS resources in the standard to alleviate the problem of false DL SPS activation where the UE will continue sending NACKs without any successful reception over a long time.

6. Conclusion
In this contribution the problem of false SPS activation/modification has been reviewed. It has been found that in contrast to what has been assumed at first the case of loss of talk spurt transmission does not seem to be that severe, because appropriate eNodeB actions will most probably circumvent the problem. On the problem of produced interference the bandwidth impact has additionally been studied by comparing small and large bandwidth scenarios.
The Drawbacks and Limitations of restricting Resource allocations have been pointed out for all considered formats and thus it has been concluded that only option 2 of [7] is seen feasible. To this end a detailed proposal has been made for the discussion in RAN1.
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