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Discussion
In Rel-14, AS RAI has been introduced to expedite connection release when UE has no more user data transmission. The mechanism is to use BSR with a buffer size of zero bytes as the release assistance indicator from UE to network. 
According to the current MAC spec 36.321 5.4.5, the BSR with a buffer size of zero bytes can only be triggered as a padding BSR or a periodic BSR, because regular BSR is triggered only on the condition of available UL data, and only regular BSR can trigger a Scheduling Request when there is no UL grant. So the AS RAI cannot be sent to the network when there is no UL grant.
Observation 1: The current Rel-14 AS RAI cannot be sent to the network when there is no UL grant.
Since the time of using AS RAI is defined as when there is no more data to send or receive in the near future, so only the application layer knows when this exact condition is fulfilled. Normally, the indication of no more data transmission from the application layer could be sent to AS layer with the last uplink data packet, but this is just the ideal case, there are other cases that the indication can’t be carried with the last uplink data packet, which means there is no UL grant to send the AS RAI to network. The restriction of AS RAI that it cannot be sent to the network when there is no UL grant makes the AS RAI nearly impossible to use for some real IoT applications.
Let’s see some scenarios as an example to elaborate. 

Some IoT applications are using TCP protocol to transmit data, e.g. FOTA, FTP, and MQTT. The TCP protocol is like a black box to the application, the application can know which packet from the application itself is the last packet base on the business model, but cannot anticipate the action of TCP protocol. For example:
1. TCP layer would acknowledge the application’s last packet.[image: ]
2. TCP layer would retransmit the application’s last packet.
[image: ]
3. TCP layer would segment the application’s last packet.[image: ]
So when the actual last packet transmits between UE and eNB is beyond the application’s knowledge. There is no way for the application layer to send the intention of releasing a connection to the MAC layer at the right moment. Integrating sending the intention of releasing a connection to TCP protocol is an option, but it would be asking too much for a customer who just wants to build a product based on NB-IoT chipset and doesn’t want have to learn how NB-IoT and TCP works, also sometimes TCP protocol could be out of reach by the customers. This is not a realistic option.
Thus we can see that the current Rel-14 AS RAI is not applicable for applications based on TCP protocol.
Observation 2: Because the application cannot anticipate what TCP protocol would act after the last packet from the application, the current Rel-14 AS RAI is not applicable for applications based on TCP protocol.
For those applications are not based on TCP protocol, like UDP, or non-IP, the last packet from the application could be the actual last packet between UE and eNB before connection release, UE’s AS layer can handle segmentation, concatenation or retransmission, so that UE can make sure the AS RAI would be carried in the last UL transmission. But what if the last packet is DL? The Rel-14 AS RAI is used when there is no more data to send or receive in the near future, it doesn’t like NAS RAI that support an option of “No further UL, 1 single DL higher layer PDU expected”. So that the application layer can only know if there is no further UL and DL data transmission after receiving the last DL data packet. At this point in time, a UL grant is not guaranteed. We may expect the UL RLC status PDU which is to respond to the polling bit for the end of DL data transmission would be able to carry the AS RAI. But in fact, the UL grant for RLC status PDU may be coming too soon (i.e. 10-20ms after the last DL transmission), and an indication of releasing the connection from the application layer normally carried by the AT command +CNMPSD (see [1]) would take much more time to reach the AS layer. In this case, after missing the last UL grant, AS RAI has no way to reach the network.
[image: ] 
We can see that the current Rel-14 AS RAI is highly unreliable for the case in which the last data packet is DL.
Observation 3: It’s very probable that the current Rel-14 AS RAI cannot take effect for the case in which the last data packet is DL.
[bookmark: _GoBack]There is also a corner case that the remaining UL grant is not sufficient for padding BSR. In this case, according to the priority rule, padding BSR will be cancelled, thus the AS RAI would not be sent to the network.
Observation 4: The current Rel-14 AS RAI is not applicable to the case when the remaining UL grant is not sufficient for padding BSR.
If the restriction of AS RAI cannot be sent to the network when there is no UL grant is somehow removed, the application can utilize AS RAI in anytime it wants, it doesn’t have to be carried with the last UL data packet which is not available in the most of time based on the previous observations. For the TCP case, the application can wait until confirming that the TCP connection is closed, then send the intention of releasing the connection to the low layer. For the case in which the last data packet is DL, AS RAI can be counted on even the last UL grant is missed.  For the case of no sufficient UL grant, AS RAI is still allowed to be sent to the network.
We can see that by simply allowing sending AS RAI without a UL grant, these obstacles for using AS RAI are dispelled, the Rel-14 AS RAI feature is turned from nearly impossible to use to can be used most of the time.
Observation 5: By allowing sending AS RAI without a UL grant, the Rel-14 AS RAI feature is turned from nearly impossible to use to can be used most of the time.
Allowing sending AS RAI without UL grant will lead to trigger a Schedule Request which will trigger a Random Access procedure in most of the case when there is no UL grant. Someone would wonder if the Random Access procedure would cost too much power comparing keeping the connection until the network release it. MTK did some tests on an NB-IoT device under a real network. See the table below. The data shows that, comparing to the “wait for 10s to let network release the connection”, “send RAI by random access then release the connection” can save significant power for CE level 0 and CE level 1 case. UE can choose only to allow sending RAI by Random Access in CE level 0 and CE level 1, but not in the case of CE level 2.And in the real network, most of UEs don’t stay in CE level 2.
Regarding the 10s, when no data transmission, normally network would wait for 10s-20s then release the connection. And if data inactivity timer is configured to UE, 10s would be a reasonable value.
	CE Level
	Compared power consumption 

	CE level 0
	4.4%

	CE level 1
	41.8%

	CE level 2
	151.2%


Observation 6: By allowing sending AS RAI without UL grant would trigger Random Access procedure, but it still can save significant power consumption on CE level 0 and CE level 1 comparing keeping the connection until network releasing.
Based on the precedent observations, allowing sending AS RAI without a UL grant (i.e. send by random access procedure) can significantly improve the usability of AS RAI and can significantly save power in the case of CE level 0 and CE level 1 comparing to waiting for 10s to release the connection. So we propose to allow sending AS RAI when no UL grant.
Proposal 1: Allow to send AS RAI when no UL grant.
Regarding capture the above proposal to the specification, we would like to offer 2 options. The first option is to add a trigger case of regular BSR. The other option is to just reach an agreement that the network shall be able to deal with the BSR with a buffer size of zero bytes by random access as an AS RAI. No CR impact.
Proposal 2: To capture the above proposal to the specification, add a new trigger case of regular BSR in 36.321.
Based on this proposal, we provide the related CRs in [2], [3]
Conclusion
Based on the analysis in this paper, we have the following proposals:
Observation 1: The current Rel-14 AS RAI cannot be sent to the network when there is no UL grant.
Observation 2: Because the application cannot anticipate what TCP protocol would act after the last packet from the application, the current Rel-14 AS RAI is not applicable for the applications based on TCP protocol.
Observation 3: It’s very probable that the current Rel-14 AS RAI cannot take effect for the case in which the last data packet is DL.
Observation 4: The current Rel-14 AS RAI is not applicable to the case when the remaining UL grant is not sufficient for padding BSR.
Observation 5: By allowing sending AS RAI without a UL grant, the Rel-14 AS RAI feature is turned from nearly impossible to use to can be used most of the time.
Observation 6: By allowing sending AS RAI without UL grant would trigger Random Access procedure, but it still can save significant power consumption on CE level 0 and CE level 1 comparing keeping the connection until network releasing.
Proposal 1: Allow to send AS RAI when no UL grant.
Proposal 2: To capture the above proposal to the specification, add a new trigger case of regular BSR in 36.321.
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