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1.
Introduction
In this document, we look at flows of data for one IM message delivery, considering multiple layers between IM client and IM server. To simply the flow, hint messages which indicate user actions such as whether a user is now typing or not and presence messages which indicate who is online or offline are not considered. 
2.
Discussion
2.1 General Flow of IM message
Following figure 1 and figure 2 show data exchange among layers and entities to deliver one text IM message with example of MSN messenger. In figure 1, MSN client located in UE generates and sends a text IM message to MSN SB (switching board). In figure 2, MSN client located in the UE receives a text IM message from a MSN SB. 
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Fig. 1 Flow of IM message generated at UE (UE -> MSN SB)
1. User at the UE side types in a text message through the IM application.

2. The typed-in text is formatted by MSNP (MSN protocol) and MSNP transmits the formatted MSNP message to TCP layer.
3. TCP layers generate TCP packet which includes the MSNP message and the TCP packet is subsequently delivered to RLC layer. RLC layer formats the received TCP packet and delivers the resulting RLC PDU to MAC layer.

4. MAC layer at UE side delivers the RLC PDU to MAC layer at eNB.

5. MAC layer at eNB delivers the received RLC PDU to RLC layer at eNB
6. The RLC SDU included in the RLC PDU is delivered to TCP layer located at MSN SB. In addition, RLC layer at eNB generates RLC ACK for the received RLC PDU and delivers the RLC ACK PDU to MAC layer.
7. MAC layers at eNB delivers the MAC PDU which includes the received RLC ACK PDU to MAC layer at UE. MAC layer at UE delivers the received MAC PDU to RLC layer.

8. At MSN SB, TCP layer forwards the received TCP packet to MSNP protocol. And TCP layer generates TCP ACK packet and delivers it to RLC layer at eNB. RLC layer delivers it to MAC layer at eNB and eventually the TCP ACK packet is delivered to TCP layer at UE. 
9. RLC layer at UE generates RLC ACK for RLC PDU which included TCP ACK and this is delivered to RLC layer at eNB through MAC layer.

As can be seen in figure 1, to deliver one IM message, one TCP packet and one TCP ACK packet are needed. Then, at a low layer level, two RLC PDUs and two RLC ACK PDUs are further needed. Subsequently, 4 MAC operations are needed to deliver 4 MAC PDUs with 2 downlink MAC PDUs and 2 uplink MAC PDUs.
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Fig. 2 Flow of IM message received by UE (MSN SB -> UE)
2.2 MAC Operation

In this section, MAC UL operation and MAC DL operation shown in figure 1 and figure 2 are further analysed. In figure 3, MAC actions to deliver one RLC PDU (including RLC PDU ACK) from UE to eNB is shown. In figure 4, MAC actions to deliver one RLC PDU (including RLC PDU ACK) from eNB to UE is shown.
Case A in figure 3 shows the situation where a UE is not synchronized in uplink direction or where a UE is not configured with SR over PUCCH resource. In this case, a UE should perform RACH procedure to send uplink data. Case B in figure 3 shows the situation where a UE is synchronized in uplink direction and the UE is allocated with SR over PUCCH resource. In this case, the UE can skip RACH procedure.
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Fig. 3 MAC UL OPS: MAC Actions for uplink data delivery
Case C in figure 4 shows the situation where a UE is not synchronized in uplink direction. In this case, if eNB wants to deliver a data to the UE, it first should make the UE perform RACH procedure to time-synch the UE in uplink direction. Only after the UE is uplink synchronized, the eNB can deliver downlink data to the UE. Case D in figure 4 shows the situation where a UE is synchronized in uplink direction. In this case, the eNB can immediately transmit data to the UE as long as the UE is in active time. 
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Fig. 4 MAC DL OPS: MAC Actions for downlink data delivery
2.3 Discussion

In general, as can be seen in figure 3, RACH-based procedure is more complex and requires longer time than SR based procedure. When RACH is used as in figure 3 or figure 4, the UE should make more transmission and eNB should use more PDCCH resource. Also, longer procedure leads to longer active time which is not desirable in terms of UE battery saving. However, just to avoid RACH procedure, keeping a UE constantly uplink synchronized and constant allocating of SR over PUCCH resource to the UE are required.  This also incurs cost such as use of system resource and use of UE battery. 
Unlike PC environment, more time is required in user’s typing with a touchpad of smartphone. Thus, time between two message typed by a user will be quite long and also the time between when a user receives a message and when the user types in a reply will be also quite long. In this sense, it would be reasonable to assume that UE will be in Case A (of figure 3) for the first MAC UL Ops of figure 1 and the UE will be in Case C (of figure 4) for the first MAC DL Ops of figure 2. Otherwise, radio resource should be pre-allocated and UE DRX performance will be degraded.
Overall, UE battery consumption and system resource consumption should be minimized as long as user experience is not so much impacted. Several seconds delay will not be a problem for IM messaging. Following areas can be considered for improvements:

· Minimization of the number of MAC procedures:

As can be seen in figure 1 or in figure 2, the number of MAC operations to deliver one IM message is not small. If the overall number of MAC operation (the combined number of MAC DL operation and MAC UL operation) can be reduced, this will lead to less use of radio resource and better DRX performance. For example, in figure 1, two MAC DL Ops are performed subsequently. If we can merge these two operations, power and resource utilization can be improved. 
As a matter of fact, background service and IM service is delay-tolerant. Furthermore, a user needs more time to type in a message with Smartphone environment where touch-screen is used as a keyboard. Thus, method which allows less use of radio resource with a tolerable additional transfer delay should be investigated  

· Optimization of MAC procedure:
For example, because RACH procedure consists of several steps, reducing even one step would be also beneficial. If we look at the Case A of figure 3 and the Case D of figure 4, there are at least 5 steps to deliver a MAC PDU from one side to the other side. Reducing one step means that smaller UE active time and less power consumption. 
In case C of figure 3, because the procedure is to deliver downlink MAC PDU, optimization can be targeted to remove unnecessary steps or to combine similar steps. For example, for downlink data arrival, RACH MSG 3 is unnecessarily. Then, how to merge downlink messages can be investigated to reduce steps.
· Inter-layer interaction.
In general, a layer does not know the detail of upper layer or lower layer. In other words, a layer does not know the content of data PDU received from upper layer. Due to this principle, RLC entity works somewhat independently in most cases. For example, in figure 1 and figure 2, if RLC layers know that TCP ACK will shortly arrives from upper layer, it would be beneficial for the RLC layer to delay the delivery of RLC ACK PDU to lower layer. I.e., rather than separately transmitting RLC ACK and later incoming TCP ACK, sending RLC ACK and TCP ACK at the same time will reduce the number of MAC PDUs and will result in better utilization of radio resource. Also UE active time decreases.
· Fast dedicate resource management:
In general, the number of RACH procedure should be minimized because RACH is basically contention-based and time-consuming procedure. Even one more attempt during RACH procedure leads to longer delay and more use of UE battery. 
For example, in figure 1, two MAC UL Ops are used. Intuitively, it would be beneficial that second MAC UL Ops of figure 1 looks like case B of figure 3. It’s because SR procedure is contention-free and fast. To use SR procedure than RACH procedure at second MAC UL Ops, SR over PUCCH resource should be allocated to UE before SR procedure is started. But, if resource for SR over PUCCH is allocated long time before the resource is actually needed, system resource utilization will be impacted. Also, the SR over PUCCH resource should be released as soon as the last step in figure 1 or figure 2 has ended. Otherwise, eNB may experience shortage of SR over PUCCH resource. In this sense, fast allocation and de-allocation of dedicated radio resource is needed.
 
3.
Proposal

In this contribution, overall flow of IM message is analyzed. It is proposed to further study following 4 areas of improvement:
· Minimization of the number of MAC procedures 
· Optimization of MAC procedure 
· Inter-layer interaction
· Fast dedicate resource management
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