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1. Introduction

During RAN#53, a WI was approved aiming at standardising the Multiflow transmission, which is characterized by a possibility to send DL data to a UE from different cells or even sites.  Since the DL data may be sent over different cells belonging to different sites, there is no way one can guarantee that a UE will receive packets in exactly the same order in which they were sent. For the user plane data that problem is known as skew, which was mitigated by the introduction of the UE side re-ordering timer, as per RAN2#77bis agreement. However, the DL data sent to a UE is not only packets arriving to the system from the higher application layers, but also the RLC level PDUs generated as a result of the uplink data coming from the UE side. As pointed out earlier in [2], there exists another issue regarding the ordering the RLC STATUS PDUs, sent in DL to acknowledge the reception of the UL data. 

With this discussion paper, we present and analyse a few solutions on hot to handle the problem when a UE may initiate the RLC RESET procedure upon the reception of the RLC STATUS PDU which is out of the UE Tx window.

2. RLC status PDU handling

According to the current TS 25.322 specification (see section 10.1 in [1]), whenever a UE encounters the RLC status PDU with the SN which is out of the UE transmit window, a UE must initiate the RLC RESET procedure. From the viewpoint of the single site transmission, such a behaviour ensures an additional robustness of the RLC state machines at both communication sides because a reception of the RLC STATUS with “out-of-window” ACK/NACKs may indeed serve as an indication of severe state de-synchronization. At the same time, it might be a normal case for the inter-site Multiflow where RNC sends data over several links and, as a result, data may arrive to a UE at different moments of time.    

To address the aforementioned problem, there were proposed a few solutions that will be summarized briefly below. In addition, we present a few more solutions that were discussed during RAN2#77 and RAN2#77bis meetings. 

In [2], which hence will be referred to as solution I, it is proposed that the network sends the RLC STATUS PDUs only via the serving cell. If a UE receives the RLC STATUS PDU from the cell belonging to the assisting site, then a UE just drops that STATUS PDU. The advantage of this approach is that there is no standardization impact in terms of new signalling and/or message types. The most essential drawback is that there might be data disruption upon the serving cell change when the serving cell becomes the assisting one and there are STATUS PDUs in the NodeB output buffer. Since those STATUS PDUs will be discarded at the UE side, it may cause significant re-transmission delays if the dropped STATUS PDUs carry NACKs. Yet another disadvantage is that it does not allow the network to send STATUS PDU messages over different cells,  which may  impact the performance of the Multiflow operation. 

In [3], which hence will be referred to as solution II, it is proposed that each RLC STATUS PDU is appended with a sequence number so that a sender can discard “older” STATUS PDUs. This solution, obviously, does not have limitations of [2]. On the other hand, it requires further changes in the structure of the RLC STATUS PDU with the implementation impact on both the network and UE side. It should also be noted that it poses some additional processing and  functionality complexity because the RLC STATUS PDU sequence number may encounter a similar wrap around problem as in case of normal RLC PDU. Thus, both the network and a UE must support some concept of the maximum and transmission window sizes, window adjustment etc. 

During the RAN2#77 meeting, another solution was discussed (hence referred to as solution III) which is similar to the existing E-UTRA RLC behaviour. According to TS 36.322 [4], a UE transmitting RLC entity does not initiate the RLC reset procedure (it is referred to as re-establishment in [4]) upon encountering the STATUS PDU with the sequence number which is out of transmit window. The advantage of this approach is that there are no limitations to use a specific cell as with solution I. At the same time, there is no standardization impact in terms of new message types and/or signalling. This solution requires only a minor modification at the UE side, so that upon checking the RLC STATUS PDU sequence number a UE does not initiate the RLC reset, as otherwise the legacy behaviour would dictate. In order to keep the legacy non-Multiflow behaviour unchanged, such a rule can be adopted only for Multiflow and only for the inter-site configuration. The main drawback with this approach is that it does not provide similar protection against RLC state de-synchronization for (inter-site) Multiflow UEs. 

Yet another approach (solution IV) is to combine the E-UTRA and UTRA approaches.  Iftwo consecutive RLC STATUS PDUs arrive from same site, where the second STATUS PDU has the sequence number out of the transmission window, then a UE initiates the RLC RESET. However, if these two PDUs arrive from cells belonging to two different sites, then no RESET procedure should be triggered. Such solution would provide the similar flexibility and low complexity as the solution III, but also provides protection against the RLC state de-synchronization issues for Multiflow UEs.

The Table 1 below provides a brief summary of solutions on how to handle RLC STATUS PDU for the uplink traffic. As can be seen, solution I has a few limitations which other solutions do not. At the same time, solution II has the biggest impact from the implementation and standardization point of view. Thus, our view is that solutions III and IV have the best properties in terms of flexibility and implementation impact. The only difference between approaches III and IV is that in solution III, a UE just does not initiate at all the RLC RESET procedure (in case of inter-site Multiflow). 

Table 1: Summary of solutions to handle the RLC STATUS PDU with HSDPA Multiflow 

	Solution
	Implementation impact
	Std. impact
	Potential data disruption upon cell change 
	STATUS PDU only via the serving cell/site
	RESET procedure upon “out-of-window” SN

	
	UE
	NW
	
	
	
	

	I
	X
	X
	low
	X
	X
	X

	II
	X
	X
	high
	
	
	X

	III
	X
	
	low
	
	
	

	IV
	X
	
	low
	
	
	X


Proposal: Adopt solution III or IV to address an issue with “out-of-window” RLC STATUS PDU for the uplink data transmission.

3. Conclusion

In this paper, we have presented and summarized a few different solutions to handle an issue when a UE receives the RLC STATUS PDU with ACK/NACKs that are out of the UE transmission window. Based on presented analysis, catering for the best trade-off between the implementation complexity, standardization impact, and flexibility, we suggest to consider solutions III and IV, which rely upon the existing behaviour adopted in E-UTRA .

Proposal: Adopt solution III or IV to address an issue with “out-of-window” RLC STATUS PDU for the uplink data transmission.
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