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1 Discussion

In Rel-15, three mechanisms have been introduced: physical SR with HARQ ACK, physical SR without HARQ ACK and UL SPS for BSR. If neither of these mechanisms is configured, the UE would initiate a legacy Random Access Procedure for transmitting the pending BSR or SR. 
In the field IOT test, there has the case that only dedicated SR with HARQ-ACK transmission (piggybacked SR) is configured. It has been observed that such dedicated SR is difficult to be triggered and instead legacy random access is used.
In the current MAC spec, the SR is triggered according to the following description in 5.4.5 section:
	5.4.5
Buffer Status Reporting

...
If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

-
if the MAC entity has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate the BSR MAC control element(s);

-
start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs;

-
start or restart retxBSR-Timer.

-
else if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:

-
if an uplink grant is not configured or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers; or

-
if sr-WithHARQ-ACK-Config is configured and there is valid resource for SR together with acknowledgement of the data in this TTI:

-
a Scheduling Request shall be triggered.
…


We can notice that if the UL SPS for BSR is also configured while dedicated SR with HARQ-ACK transmission is configured, the SR would only be triggered when the BSR hasn’t been sent and there has HARQ-ACK for the DL data. And then this pending SR could be sent together with HARQ-ACK. However, for the case that UL SPS is not configured, the pending SR would be triggered even when there has no acknowledgement of the data.
Observation 1: If the UL SPS for BSR is configured but the BSR hasn’t been sent, a SR would be triggered when “SR without HARQ-ACK” has been configured and there has acknowledgement of the data. On the other hand, if UL SPS is not configured, the SR would be triggered even when there has no acknowledgement of the data.
Moreover, according to the description in 5.4.4 in MAC spec description, the following conditions would be evaluated further until the triggered SR can be sent:
	5.4.4
Scheduling Request

...
-
For NB-IoT:

-
if the MAC entity has no valid resource for SR together with acknowledgement of the data in this TTI and no valid PRACH resource for SR configured in any TTI:

-
initiate a Random Access Procedure (see clause 5.1) and cancel all pending SRs.
-
else:

-
if the MAC entity has valid resource for SR together with acknowledgement of the data in this TTI:

-
instruct the physical layer to signal the SR together with acknowledgement of the data.

-
else:

-
if the MAC entity has valid PRACH resource for SR configured in this TTI and sr-ProhibitTimer is not running:

-
instruct the physical layer to signal the SR on one valid PRACH resource for SR.

-
start the sr-ProhibitTimer in the subframe containing the last repetition of the corresponding SR transmission.

...


Since the timing for checking HARQ-ACK for the DL transmission is in TTI level and in the real application services, downlink and uplink transmission doesn’t always happen at the same time, especially at the same TTI, when the UE has pending SR to be sent in the uplink, it may be highly possible that there has no HARQ-ACK for the downlink transmission at the same time. Therefore, it’s hardly to trigger the SR together with the acknowledgement of the data and legacy RA procedure is used.
As a result, the benefit of piggybacked SR cannot be achieved (even the function has been configured) and the PRACH resources and UE power are unnecessarily consumed. In order try to avoid legacy random access procedure for the pending SR, intensive ping transmission during has been applied in the IoT testing.

Observation 2: In the real application services, there scarcely has HARQ-ACK for the downlink transmission at the same time when the UE has pending SR to be sent. Therefore, it’s hardly to trigger the SR together with the acknowledgement of the data and legacy RA procedure is used. In order try to avoid legacy random access procedure for the pending SR, intensive ping transmission during has been applied in the IoT testing.
Moreover, according to the above MAC spec, if there has no HARQ-ACK in a certain TTI, UE will immediately initiate legacy RA procedure and cancel all pending SR. However, it may be also highly possible there has no available NPRACH resource on this certain TTI, e.g., UE may still need to wait for some time period for the next available radio frame / subframe containing NPRACH resource. How long of this time period is related to the NPRACH resource period configuration (which has minimum value of 40ms and maximum value of 2540ms). Purely based on the spec text, it’s not crystal clear whether the UE would or would not “immediately” cancel the pending SRs when it initiates the RA. If UE would not cancel the SR immediately, the UE may continuously check the following TTIs and it's still possible for the UE to use piggybacked SR before the TTI on which there has an available PRACH resource. On the other hand, if UE would cancel the SR immediately, even there may have a HARQ-ACK in the following TTIs after the UE initiates RA but before an available NPRACH resource occurs, this HARQ-ACK cannot be used. With such process, the possibility of using piggybacked SR is further reduced. 
Observation 3: Purely based on the MAC spec text, it’s not crystal clear whether the UE would or would not “immediately” cancel the pending SRs when it initiates the RA. If UE would, even there may have a HARQ-ACK in the following TTIs after the UE initiates RA but before an available PRACH resource occurs, this HARQ-ACK cannot be used. This will further reduce the possibility of using piggybacked SR.
The above observations have been foreseen during R15 discussion and solution has been mentioned in [2]. However, at that time, there are some concerns about scenarios and benefits. Now we can see the issue is obvious in the IoT testing. In order to reduce the probability of triggering legacy RA procedure when SR with HARQ-ACK is configured, as the first step, we suggest to make the following clarification in the spec:
Proposal 1: It’s suggested to clarify that after initiation of legacy RA, UE would not cancel the pending SR immediately till the next available subframe containing NPRACH resource.

Moreover, in order to make the dedicated SR with HARQ-ACK to be used as much as possible when the function is configured, a configurable SR delay timer can be further considered for avoiding that the UE immediately triggers legacy random access when it cannot find HARQ-ACK for DL in the current TTI. This timer can be activated when the SR is triggered. During running of SR delay timer, the UE waits for the possible DL transmission. If there has a DL transmission, the UE can piggyback the pending SR with HARQ-ACK for DL. Random access procedure would be triggered only when the SR delay timer expires. It can be easily understood that if there will have a HARQ ACK opportunity shortly after the dedicated SR has been triggered, the transmission latency and power consumption for SR can be saved. The more opportunities of the DL transmission and the following HARQ-ACK, the greater the benefits. 
Moreover, as this timer is configured by the network, if the network can have some knowledge that possibility of the DL transmission in a time duration is high enough, the network can configured this timer. Otherwise, in order not to introduce additional delay, the timer would not be configured.
During previous discussion in R15, the concern has been mentioned that if the timer is long it may impact the application, e.g., causing delay for the service transmission. But we can see even RA procedure is triggered immediately, with consideration on the preamble repetition, it may be difficult to say (at least in some scenarios) “a short SR delay timer + piggybacked SR” must cause more “delay” than using legacy RA procedure (less delay may be also possible). With further assumption on short value range for the SR delay timer, e.g., no more than several seconds, such timer can be seen a trade-off between power saving by avoiding legacy RA and delay. 

Moreover, with observation 3, we think a value with unit of NPRACH periodicity can also be considered for SR delay timer. Such value is helpful for achieving alignment between the expiry of this delay timer and NPRACH resource occurrence. 
Proposal 2: It’s suggested to introduce a SR delay timer with value range no more than 8s or a value with unit of NPRACH periodicity. 
Proposal 2a: If dedicated SR with HARQ-ACK is configured, a SR delay timer can be activated when there has a SR to be transmitted. Random access procedure would be triggered only when the SR delay timer expires.

Based on these proposal, we provide the related CRs in [3] [4].

2 Conclusion

Based on the analysis in this paper, we have the following proposals:
Observation 1: If the UL SPS for BSR is configured but the BSR hasn’t been sent, a SR would be triggered when “SR without HARQ-ACK” has been configured and there has acknowledgement of the data. On the other hand, if UL SPS is not configured, the SR would be triggered even when there has no acknowledgement of the data.
Observation 2: In the real application services, there scarcely has HARQ-ACK for the downlink transmission at the same time when the UE has pending SR to be sent. Therefore, it’s hardly to trigger the SR together with the acknowledgement of the data and legacy RA procedure is used. In order try to avoid legacy random access procedure for the pending SR, intensive ping transmission during has been applied in the IoT testing.
Observation 3: Purely based on the MAC spec text, it’s not crystal clear whether the UE would or would not “immediately” cancel the pending SRs when it initiates the RA. If UE would, even there may have a HARQ-ACK in the following TTIs after the UE initiates RA but before an available PRACH resource occurs, this HARQ-ACK cannot be used. This will further reduce the possibility of using piggybacked SR.
Proposal 1: It’s suggested to clarify that after initiation of legacy RA, UE would not cancel the pending SR immediately till the next available subframe containing NPRACH resource.

Proposal 2: It’s suggested to introduce a SR delay timer with value range no more than 8s or a value with unit of NPRACH periodicity. 

Proposal 2a: If dedicated SR with HARQ-ACK is configured, a SR delay timer can be activated when there has a SR to be transmitted. Random access procedure would be triggered only when the SR delay timer expires.
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