3GPP TSG-RAN WG2 Meeting #99bis 
R2-1710635
Prague, Czech, 9 – 13 October 2017 








            
Agenda item:

10.3.3.4
Source:
Intel Corporation

Title:
Restriction on UE pre-processing
Document for:

Discussion and Decision
1      Introduction
In RAN2#99 meeting, following was agreed regarding UL split bearer:
=>
The UE is allowed to pre-process data for split bearer before a request from lower layers is received and is allowed to submit to lower layers before a request is received.  A restriction on bad UE behaviour or a requirement on proper behaviour will be added.  FFS how to capture it (e.g.  capture how avoid bad UE behaviours related to which PDCP SN are sent to the RLC and not transmitted at the end and whether and how to capture a pre-processing limit)

In this contribution, we discuss the restriction on UE pre-processing. 
2      Discussion
There are mainly two motivations to restrict the UE pre-processing: PDCP discard and split bearer performance. In the following discussion, we investigate how the concerns can be addressed.
PDCP discard

In LTE, PDCP discard is performed for packets whose delay already exceeds the packet delay budget for the associated QoS (i.e. discardTimer expires), as well as the packets whose successful delivery is confirmed. For current discussion, the focus is the case of PDCP discardTimer expiry. PDCP discard is performed in PDCP layer as well as in RLC layer. In case of PDCP layer, to avoid the gap in the PDCP SN, there is a note in section 5.4 of LTE TS 36.323 [1] saying

	NOTE:
For split and LWA bearers, discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.


For NR, PDCP SN gap due to discard should be minimized as well. Actually current NR PDCP specification [2] already contains a similar note in section 5.3 as below:

	NOTE:
Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.


Observation 1: NR PDCP specification already has a note regarding minimizing PDCP SN gap after SDU discard.
In LTE, for the discard in RLC layer, the following is specified in section 5.3 of TS 36.322 [3]:
	When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if no segment of the RLC SDU has been mapped to a RLC data PDU yet.


In LTE, the model in the RLC layer is that RLC data PDU is generated when an uplink grant is received. If any segment of the RLC SDU has been mapped to a RLC data PDU, then a SN is allocated for the corresponding RLC PDU. The above rule basically specified that when PDCP discard is performed, no SN gap is created in RLC layer. In LTE, RLC SN gap causes issues both in RLC AM and in RLC UM. RLC SN gap is problematic for RLC AM since RLC AM aims for lossless operation. For RLC UM, the issue is that the RLC SN gap causes additional delay since the RLC PDUs after the discarded PDU cannot be delivered to PDCP layer immediately due to the start of reordering timer.
In NR, RLC SN gap still causes issues in RLC AM since it was agreed in NR, RLC AM should support only lossless AM operation, like in LTE. Therefore if a pre-processed RLC PDU with SN allocated is discarded, UE should update the SNs of the following pre-processed RLC PDUs to avoid any RLC SN gap.
For RLC UM, the situation is different. In NR RLC UM, there is no RLC SN for a complete RLC SDU. If UE implementation pre-processes RLC SDU assuming segmentation is not applied, there is no RLC SN gap if the pre-processed RLC PDU is discarded.  
Observation 2: RLC SN gap in the RLC AM is not allowed, while there is no RLC SN gap in RLC UM due to PDCP discard on pre-processed complete RLC SDU.
In NR, for the discard in RLC layer, the following is specified in section 5.3 of TS 38.322 [4]:

	When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if the RLC SDU or RLC SDU segment has not been mapped to a RLC data PDU yet.


From above analysis, to take into account the pre-processing and to avoid the RLC SN gap issue, the above requirement can be modified as below.
Proposal 1: Discard in RLC layer is modified as below: 
	When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if the RLC SDU or RLC SDU segment has not been mapped to a RLC data PDU yet submitted to physical layer for transmission. In both RLC AM and UM, discarding a RLC SDU shall not cause a SN gap in the transmitted RLC PDUs.


Amount of pre-processing limit:

From previous RAN2 discussion, in addition to avoid PDCP SN gap, the main motivation to restrict UE pre-processing are twofold:

· Split bearer performance concern. There were concerns that if UE pre-processes two much data there is potential performance issue, e.g. jitter issue when gNB/eNB in one leg does not provide UL grant for the pre-processed data. It should be noted that from Rel-12 and Rel-13 study, the usage of DL and UL split bearer only shows gains when the system load is not high. Therefore it is not likely that the network configures split bearer but does not provide adequate UL grants. In addition, a sensible UE implementation will not pre-process a lot of PDCP PDUs, as discussed below. Another perspective is that for DL split bearer, MN also provides data to SN, and this can be seen as a kind of “pre-processing” in the network side. So far there is no concern raised on such “pre-processing” in DL split bearer, therefore there is no performance issue for the UL pre-processing as well.

· There were also concerns in past RAN2 discussion if there is no restriction on pre-processing, the data could be stuck in one link with bad channel quality where gNB/gNB won’t give sufficient UL grants to accommodate the data. In general, UL split bearer is used to increase per user throughput, and the main gain is observed when system load is low. If one link is bad, then the operation can go back to the single connectivity mode or a handover is needed in case that the link of MCG is bad. For above cases, a PDCP recovery or PDCP re-establishment procedure is required and the pre-processed data in the bad link can be transmitted during the procedure. Therefore it is not possible that the data stuck in one link for a long time.

Observation 3: There is no performance issue in UL split bearer for pre-processing at RLC and MAC layer.
One potential way to restrict pre-processing is that UE can only pre-process up to one TTI’s data according to the configuration e.g. the aggregated bandwidth, the maximum modulation order, the maximum MIMO layers. Although such approach sounds simple, it is somehow not straightforward to specify and test for the purpose of restricting UE implementation. In addition, there is no incentive for UE implementation to excessively pre-process data in RLC layer. The reason is that
· Due to RLC SN gap issue discussed above, if RLC/MAC layer aggressively pre-processes data, then if there are packets discarded, e.g. SN #n, all the subsequent pre-processed RLC PDUs should be re-processed. For example RLC PDUs with SNs starting from #n+1 should all be re-numbered. There are many operations involved for such re-processing including expensive memory access.
· If an implementation does not keep buffer in PDCP layer for PDCP PDUs sent to RLC/MAC layer pre-processing, then during mobility events, those packets pre-processed but not transmitted in the source link should be re-processed for the target link during RLC release/re-establishment/addition procedure. Again extensive pre-processing causes many re-process and batter consumption, and should be avoided by UE implementation.
In summary, it is clear that excessive pre-processing incurs problems for UE implementation and a sensible UE implementation should avoid it. In addition, it is not clear whether a reasonable test case can be designed if a pre-processing limit is defined. 
Observation 4: There is no motivation for a UE to perform excessive pre-processing.
From above discussion, it can be seen that the limitation on PDCN and RLC SN gap is sufficient to restrict UE pre-processing, and there is no need to restrict the amount of pre-processing the UE can perform.
Proposal 2: There is no specified restriction on the amount of pre-processing the UE can perform. It is sufficient to specify that there are no gaps in RLC SNs.
3      Conclusion
In this contribution, we discuss pre-processing aspect in UL split bearer. We have the following observations:
Observation 1: NR PDCP specification already has a note regarding minimizing PDCP SN gap after SDU discard.
Observation 2: RLC SN gap in the RLC AM is not allowed, while there is no RLC SN gap in RLC UM due to PDCP discard on pre-processed complete RLC SDU.
Observation 3: There is no performance issue in UL split bearer for pre-processing at RLC and MAC layer.
Observation 4: There is no motivation for a UE to perform excessive pre-processing.
We propose the following:
Proposal 1: Discard in RLC layer is modified as below: 

	When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if the RLC SDU or RLC SDU segment has not been mapped to a RLC data PDU yet submitted to physical layer for transmission. In both RLC AM and UM, discarding a RLC SDU shall not cause a SN gap in the transmitted RLC PDUs.
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Proposal 2: There is no specified restriction on the amount of pre-processing the UE can perform. It is sufficient to specify that there are no gaps in RLC SNs.
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