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1. Introduction

In this paper, we address the problem on a discord of the maximum number of retransmission between at the UE and at the eNB
2. Discussion
In uplink transmission, current working assumption is synchronous non-adaptive HARQ, where resource does not changing during HARQ retransmission, i.e. there are only changes in time domain. Also during the last Seoul meeting, it reached a consensus that we can dynamically allocate resource for one MAC PDU transmission until the HARQ detects successful transmission. Therefore, the allocated resource, i.e. PRB(s), would be implicitly dedicated at the regular timings of the retransmission until the HARQ detects successful transmission because the main benefit of synchronous non-adaptive HARQ is to reduce the signalling overhead. Thus, when the HARQ transmission is correctly decoded by the eNB, in principle, the PRB(s) can be re-used for the UE once more or another UE.
However, since UL buffer reporting/scheduling scheme, i.e. per “group of RB” buffer reporting and per “UE” grant, was agreed during the last Cannes meeting, the eNB can not have the maximum amount of information enabling effective scheduling thereby meeting even the stricter QoS requirements and the UE has to use the grant to distribute it among RB as well. In other word, the eNB can not perfectly grant resource according to each RB’s requirements based on the buffer reporting and then it can not accurately expect which RB will be sent from the UE according to the grant. So, due to a bit rough TB size, it was agreed to support padding if there is not sufficient data to send. However, when the eNB expects the maximum number of retransmission, it is a bit different from considering the TB size because it could be wasted whole resources for the retransmission by a discord problem of the maximum number of retransmission between at the UE side and at the eNB side.
In fact, according to the method of arrangement for grouping RBs for the buffer reporting, e.g.[1] individual buffer status for the N highest RBs and one additional buffer status for the reset of the RBs, a fixed number of RB group, etc, the details of buffer reporting could be differentiated. However, it is obvious that it carries less information than per “RB” buffer reporting because the main motivation of per “group of RB” buffer reporting is to reduce the signalling overhead.
In the following, we address the case where there is a discord of the maximum number of retransmission between at UE side and at eNB side. For convenience, we refer the buffer reporting/scheduling scheme in HSUPA because it is also one of per “ group of RB” buffer reporting and per “UE” grant schemes. That is, in HSUPA, buffer statues for one highest RB and one additional buffer status for the rest of the RB are reported. And we assume that when the eNB decides the scheduling in terms of the number of retransmission, one simple approach is to select biggest one among the maximum numbers of retransmission in a group of RB or all RB based on buffer reporting from the UE. This selected maximum number of retransmission is only taken into account at the eNB side while it is not necessary to signal it to the UE because uplink transmission is synchronous HARQ manner as mentioned above. It means that the UE continues to use the allocated resource, i.e. PRB(s), during the HARQ retransmission until a ACK is received or it reaches the maximum number of retransmission.
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Figure 1
As shown in figure 1, with the buffer reporting based on per “ group of RB” from the UE, the eNB decides the scheduling in terms of the TB size and the number of retransmission, and then informs this grant and expects that there will be at most 8 retransmissions. However, if at the UE side, the 4 retransmission is only required according to RB’s requirement for this MAC PDU to be transmitted, the discord of the maximum number of retransmission between at the UE side and at the eNB occurs. Then, if the UE receives NACK corresponding to 4th retransmission, it stops the retransmission because it reaches the maximum number of retransmission at the UE side and possibly waits to obtain another grant for the next MAC PDU transmission. However, since the eNB supposes that there is 5th retransmission from the UE, it does not send any additional grant to the UE or allocate the resource to another UE.
In order to solve the above problem, there seems five alternatives as follows.

· Alt.1 : reports buffer status as detail as distinguishable.

· Alt.2 : scheduling for several MAC PDUs like HSUPA

· Alt.3 : the eNB implicitly finds out that the UL resources is no longer used.

· Alt.4 : repeats the retransmission more than the RB’s requirements at the UE side.

· Alt.5 : UL L1/L2 explicit indication of reaching the maximum number of the retransmission at UE side.
In case of Alt.1, as mentioned above, per “group of RB” buffer reporting has less information than “per RB” buffer reporting. This is because the main object is to reduce the signalling overhead. Therefore, it is obvious that the more information needed, the more signalling overhead required. In HSUPA, since reporting of buffer statues for one highest RB and one additional buffer status for the rest of the RB is used, it is not sufficient to resolve this problem. Therefore, at least, for LTE, the information for buffer status should more required than HSUPA because of this problem. And even if the UE provides per “RB” reporting, the eNB can not estimate the HARQ profile in terms of the maximum number of retranssmission that will be used by the UE because there is possibility that the latest buffer status information have changed since the buffer status was reported. Therefore, we believe that there are some limits for the eNB to foresee the maximum number of retransmission.
In case of Alt.2, it is currently FFS whether to assign the resource for several MAC PDU. If it is applied, this scheme should be employed as a compensation on top of the basic uplink scheduling based on TTI basis because the scheduling for LTE is basically to support fast channel-dependent scheduling both in frequency and in time domain. Therefore, it is not fully supported to resolve above problem by means of allocating the resource for several MAC PDU.
In case of Alt.3, we believe that it is not an easy solution to discriminate between non-usage of the resource and decoding error at the eNB side. Also if the eNB can detect this situation, at least one PRB will be wasted. Moreover, if the retransmission is somehow corrupted by obstacles at one particular retransmission time, the eNB may recognize that as non-usage of the resource and then it might allocate the resource to another UE. But the UE does not realize this situation and then it still tires to retransmit it. In that case, the resource collides between the original UE and another UE due to the overlapped grant,

In case of Alt.4, the UE meaninglessly continues to retransmit it until receiving a ACK or reaching the maximum number of retransmission provided by the eNB even tough it does not meet the QoS requirements of the RB. So, though it is correctly decoded by the eNB after the maximum number of retransmission for QoS requirements of the RB, it should be discarded at the eNB side and then it causes the delay and the wasted resource. If it reaches the maximum number of retransmission provided by the eNB, it also causes the delay and the wasted resource.
In case of Alt.5. one indicator informs whether or not it reaches the maximum number of retransmission at the UE side. By this assistance, the eNB can reliably and efficiently perform something like de-allocation or allocation to the UE or another UE. However, since it is always required to insert this indicator into data-associated control signalling like RSN, it introduces signalling overhead in UL.
As discussed above, we compare the alternatives in the following

	
	Alt.1

(detail buffer reporting)
	Alt.2

(scheduling for several MAC PDUs)
	Alt. 3

(implicit detection of non-usage of the resource)
	Alt.4 

(meaningless retransmission)
	Alt 5.

(indication of reaching the maximum retransmission number)

	Delay by the next transmission
	No
	No
	One RTT
	At least one RTT
	No

	Wasted resource
	No
	No
	At least one PRB
	At least one PRB
	No

	Overhead
	Buffer reporting
	No
	No
	No
	UL L1/L2. control signalling

	Others 
	A limit to determine the max. # of retransmission
	Not fully support
	The possibility of overlapped grant
	The MAC PDU is discarded after all.
	If there is no UL L1/L2, e.g. TF and RSN, more overhead is foreseen.


Conclusion
In conclusion, we believe that Alt. 1 and 2 have some limits to solve above problem. Also Alt.3 and 4 have serious drawbacks from the point of resource utilization because the more allocated PRB(s), the more wasted resource, and cause delay as well. Therefore, alt.5 is preferable at this moment.
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