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Introduction
Pre-processing and data delivery from PDCP to lower layers had been discussed in previous RAN2 meetings and the following agreements had been reached:
NR AH June 2017:
Agreements
1. The LTE threshold based mechanism is used for UL bearer split.   
2. Pre-processing is allowed in the split bearer case, similar to single carrier case.  How much pre-processing is done is left to UE implementation.   
3. 	PDCP should ensure that not more than half PDCP SN space is allocated

RAN2#99:
=>	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 provide a way forward for pre-processing in line with the above agreements.
[bookmark: _Ref178064866]Discussion
In the discussion on pre-processing, i.e. specifically on when a PDCP PDU for a split bearer is submitted to lower layer RLC, the following arguments became apparent:
On the one hand-side, submission of PDCP PDUs should be done upon-request at UL grant only:
· Following the LTE protocol design, i.e. according to agreement to reuse the LTE threshold based mechanism for UL bearer split.
· To uphold operator and network control, it should not be the UE to decide upon the UL transmission path for a PDCP PDU, which is however claimed necessary to be determined before the UL grant is received to allow efficient pre-processing in some implementations
· Pre-processing, i.e. determining UL transmission direction by UE, may lead to extensive reordering delays at the PDCP receiver, if the pre-determined UL split ratio does not correspond to the UL grant ratio. I.e. the introduced jitter by the reordering delays becomes UE implementation specific.
· Further standardization complexity is foreseen to handle e.g. discarding of data on RLC, reconfiguration of the prioritized UL path, or dynamic reconfiguration of PDCP UL duplication. The effective switch/duplication activation/deactivation time could be delayed by the pre-processed data on one RLC, which cannot be made available for transmission/duplication on the other RLC.
On the other hand-side:
· For some implementations, submitting PDCP PDUs to RLC upon-request only may cause a significant burden to enable pre-processing efficiently.
In this contribution, we provide a way forward on how to model the agreements in PDCP and to lift the listed concerns above. Therein, pre-processing is allowed but limited, in order to avoid bad UE behaviour, in accordance with agreements. The following issues need to be addressed in order to avoid bad UE behaviour:
· Pre-processing may not be according to grant ratio, leading to reordering delays
· Pre-processed data for one UL direction may get stuck when no further grant can be issued, leading to data loss eventually
Taking this into account, it becomes obvious that since the UE cannot estimate the gNBs scheduling behaviour entirely, leaving the amounts of pre-processing in UL split to the UE, is not feasible. 
[bookmark: _Toc494116848][bookmark: _Toc494284573][bookmark: _Toc494284672]Pre-processing in UL split without limitation cannot be left to UE implementation.

We outline two specification options in the following to avoid these issues:
Option 1: fully specified solution:
· Data submission of PDCP PDUs, when data is above the split threshold, is allowed to any lower layer at any time
· To avoid excessing reordering delays, a maximum skew time is specified. This can be done e.g. by:
· a tx-reordering timer resembling the rx-reordering timer. 
· per-PDU timers counting the maximum transmission time difference of this PDU in relation to subsequent PDUs transmitted on other UL direction/cell-group.
· To avoid that pre-processed UL data to get stuck, at expiry of such a timer, RLC must discard the stuck pre-processed PDUs and retransmissions via the other UL need to take place, involving:
· RLC header/SN recalculation for subsequent data in the RLC where is discarded. TX_NEXT needs to be updated.
· Retransmission of the data via the other RLC.
· Ideally these retransmissions are done before other pre-processed PDUs in this new RLC, i.e. the to be retransmitted data is added at the front of the queue, involving again RLC header/SN recalculation for subsequent data. 
· The timer implementation and discarding procedures can be foreseen on PDCP or on each RLC. PDCP retransmission procedure would need to be standardized for the “reshuffling” of data between the RLC entities.
It is clear that allowing pre-processing by specification implies the need to fully specify the limitation of pre-processing and its issues. It becomes obvious that such an approach leads to infeasible specification efforts.
[bookmark: _Toc494116849][bookmark: _Toc494284574][bookmark: _Toc494284673]Allowing pre-processing explicitly by specification comes with the additional complexity burden of specifying its limitations and procedures to solve its issues.

Option 2: Like-LTE with exception of allowed limited pre-processing
In this approach, the LTE protocol design and modelling of submission to PDCP lower layers is inherited, including “submission upon-request only” for the split bearer. This way, no further specification impact to other procedures (discard, PDCP retransmissions etc.) is needed.
To not preclude pre-processing in some implementations, a NOTE is specified allowing transmission to lower layers beforehand, however restricted (according to agreement). To avoid bad UE behaviour stemming from UE estimating the UL grant ratios incorrectly, a pre-processing limit must be defined. 
An effective means to avoid the above-mentioned issue is to allow pre-processing only on the condition that the potentially introduced jitter due to introduced transmission gaps is limited by a specified delay-threshold. Transmission gaps are e.g. introduced when the UE pre-processes data (e.g. PDCP PDU SN n) for transmission via the SCG, while a subsequent PDU SN n+1 is transmitted via the MCG.
[bookmark: _Toc494284575][bookmark: _Toc494284674]Bad UE behaviour (too extensive pre-processing or pre-processing not according to UL grant ratio) is avoided by limiting the maximum time until a transmission gap is closed by the transmitter (maximum time to transmit PDCP PDU n after transmission of PDCP n+1).

[bookmark: _Toc490743588][bookmark: _Toc490744364][bookmark: _Toc492913192][bookmark: _Toc494116676][bookmark: _Toc494117738][bookmark: _Toc494118061][bookmark: _Toc494284577][bookmark: _Toc494284667][bookmark: _Toc493852045][bookmark: _Toc493852233]Like in LTE, submission of PDCP PDUs is modelled to be upon request from lower layers only in normative specification text. 
[bookmark: _Toc490743589][bookmark: _Toc490744365][bookmark: _Toc492913193][bookmark: _Toc493852046][bookmark: _Toc493852234][bookmark: _Toc494116677][bookmark: _Toc494117739][bookmark: _Toc494118062][bookmark: _Toc494284578][bookmark: _Toc494284668][bookmark: _Hlk494284576]Specified as a NOTE, submission of PDCP PDUs to lower layer RLC (for the purpose of pre-processing) is allowed under the condition that a potentially introduced transmission gap among the UL paths is closed within a specified time threshold. 
This way, the potential jitter introduced by UE-based UL splitting (pre-processing on different RLC entities) is limited. Furthermore, this limitation ensures network control of the radio resources to be used, i.e. the UE can pre-determine the UL path thus allowing pre-processing, but this does not mandate the network to issue an UL grant on that path. Thereby, the UE ensuring the reordering-depth (time to close gap) below the threshold, implies also that the UE has potentially to re-process data from one UL path to another UL path (e.g. SCG RLC to MCG RLC) – in case it pre-processed too aggressively and did not estimate UL grant ratios correctly. The re-processing can thereby take some time; the UE must only ensure the maximum reordering-depth (time to close the gap), which can be in the order of the maximum wanted jitter, e.g. 5ms. While the interactions between the RLC entities (and PDCP) are left to UE implementation, the standard is agnostic to that: in the specified model, PDCP submits data to lower layers only upon request.
For example: UE pre-processes an amount of data for estimated grant sizes on MCG and SCG. In case the UE estimated the SCG grant size wrongly by a factor 10 higher than the grant actually has, it would introduce at the end of the data transmissions, a reordering depth of 10 TTI (e.g. 10 PDUs sent on MCG in 1ms, but other 10 PDUs sent on SCG in 10ms). The UE is mandated to ensure a maximum reordering-depth of 5ms however, thus after the first 1ms, has 4 ms left to transmit the remaining data, and should thus move the wrongly pre-processed data for the SCG to the MCG RLC for transmission there, involving a re-processing of the PDUs.
[bookmark: _Toc494284579][bookmark: _Toc494284669]When the UE applies pre-processing (acc. to proposal 2), the UE is mandated to close a transmission gap within the specified time threshold, i.e. UE re-processes the PDCP PDU for transmission in the other cell group. 
Another aspect is which data volume is to be compared to the PDCP split threshold, considering that pre-processing is allowed. When PDCP PDUs are moved to RLC for the purpose of pre-processing, and the data is not transmitted yet, it should still be considered for the data volume calculation for comparison with the split threshold. The threshold determines the amount of data buffered for transmission on the prioritized UL path, thus should consider all data on both RLC and PDCP that is not yet being transmitted. 
[bookmark: _Toc490743591][bookmark: _Toc490744367][bookmark: _Toc492913195][bookmark: _Toc493852047][bookmark: _Toc493852235][bookmark: _Toc494116678][bookmark: _Toc494117740][bookmark: _Toc494118063][bookmark: _Toc494284580][bookmark: _Toc494284670]For comparison with the PDCP split threshold, beside PDCP data volume, also all pre-processed data that has not yet been transmitted on RLC should be considered. 
The BSR reporting then follows the LTE operation, meaning that if the data volume is below the split threshold, data is indicated only to the configured UL path. If the data volume is higher than the threshold, data is indicated to both UL paths. While the data volume for BSR operation is the same as in LTE, for effective pre-processing implementation, we note however that the actual submission to lower procedure would need to be slightly different than in LTE: when data volume is below the split threshold, it must be transmitted via the configured UL (while in LTE it was possible via either UL). Therefore, we propose:
[bookmark: _Toc493852048][bookmark: _Toc493852236][bookmark: _Toc494116679][bookmark: _Toc494117741][bookmark: _Toc494118064][bookmark: _Toc494284581][bookmark: _Toc494284671][bookmark: _Toc492913196]When the data volume is below the PDCP split threshold, UE is not expected to have data available for transmission on the unprioritized UL path. 

Conclusions
Based on the discussion in section 2 we make the following observations and propose the following:
Observation 1	Pre-processing in UL split without limitation cannot be left to UE implementation.
Observation 2	Allowing pre-processing explicitly by specification comes with the additional complexity burden of specifying its limitations and procedures to solve its issues.
Observation 3	Bad UE behaviour (too extensive pre-processing or pre-processing not according to UL grant ratio) is avoided by limiting the maximum time until a transmission gap is closed by the transmitter (maximum time to transmit PDCP PDU n after transmission of PDCP n+1).

Proposal 1	Like in LTE, submission of PDCP PDUs is modelled to be upon request from lower layers only in normative specification text.
Proposal 2	Specified as a NOTE, submission of PDCP PDUs to lower layer RLC (for the purpose of pre-processing) is allowed under the condition that a potentially introduced transmission gap among the UL paths is closed within a specified time threshold.
Proposal 3	When the UE applies pre-processing (acc. to proposal 2), the UE is mandated to close a transmission gap within the specified time threshold, i.e. UE re-processes the PDCP PDU for transmission in the other cell group.
Proposal 4	For comparison with the PDCP split threshold, beside PDCP data volume, also all pre-processed data that has not yet been transmitted on RLC should be considered.
Proposal 5	When the data volume is below the PDCP split threshold, UE is not expected to have data available for transmission on the unprioritized UL path.
[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref174151459][bookmark: _Ref189809556]
Text proposal (Option 2)
Track changes are applied on the current draft TS 38.323, v1.0:
5.2.1	Transmit operation
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:
-	start the discardTimer associated with this PDCP SDU (if configured);
For a PDCP SDU received from upper layers, the transmitting PDCP entity shall:
-	associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;
NOTE:	Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.
-	perform header compression of the PDCP SDU as specified in the subclause 5.7.4;
-	perform integrity protection, and ciphering using the TX_NEXT as specified in the subclause 5.9 and 5.8, respectively;
-	set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-Size];
-	increment TX_NEXT by one;
-	submit the resulting PDCP Data PDU to lower layer as specified below.
When submitting a PDCP Data PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP Data PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with two RLC entities:
-	if pdcpDuplication is configured and activated:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;
-	else, if pdcpDuplication is configured but not activated:
-	submit the PDCP Data PDU to the configured RLC entity;
-	else:
-	if the PDCP data volume is less than ul-DataSplitThreshold:
-	the PDCP Data PDU shall be made available for transmission to the configured RLC entity;
-	when requested by lower layers, submit the PDCP Data PDU to the configured RLC entity;
-	else:
-    the PDCP Data PDU shall be made available for transmission for each associated RLC entity;
-	when requested by lower layers, submit the PDCP Data PDU to one of the requesting associated RLC entity.
NOTE:	For the purpose of pre-processing, when the transmitting PDCP entity is associated with two RLC entities, submission of PDCP PDUs to RLC is allowed under the condition that a potentially introduced transmission gap within subsequent PDCP PDUs among the two associated RLC entities is closed within Xms. When pre-processing is employed, beside PDCP data volume, data volume of not yet transmitted RLC PDUs on the two associated RLC entities is considered to compare with the ul-DataSplitThreshold.
Editor’s Note: The exact data submission procedure needs further discussion. It is FFS when the PDCP entity submits the PDCP Data PDU to lower layer, FFS how may PDCP PDUs the PDCP entity can submit to lower layer, and FFS what is compared with threshold.
Editor’s Note: It is FFS whether the duplication is also applicable to PDCP Control PDU.



