


3GPP TSG-RAN WG2 #99	R2-1708334
Berlin, Germany, 21st – 25th August 2017

Agenda Item:	10.3.3.4
Source:	Ericsson, Nokia, Nokia Shanghai Bell
Title:	UL transmit operation: Pre-processing and data delivery to lower layers
Document for:	Discussion, Decision
Introduction
During the [NR-AH2#07] email discussion, it remained unclear when the PDCP layer delivers data to lower layers. The concept of pre-processing was also mixed into this discussion. This contribution aims at clarifying these two points.
During NR AH June 2017, the following agreements were reached:
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
[bookmark: _Ref178064866]Discussion
Pre-processing of data
Pre-processing is an implementation-specific operation or a set of operations which the UE supports to prepare data for transmission. The purpose of doing pre-processing aims at easing the processing requirements when data is delivered to lower layers; thus, potentially reducing the delay introduced by the different protocols. How this is achieved is dependent on the UE implementation and, therefore, RAN2 agreed not to standardize how the UE should do pre-processing or which processes comprise pre-processing.
[bookmark: _GoBack]Pre-processing does not mean pushing down data to RLC or creating RLC PDUs. For example, RLC header construction with potentially virtually pre-assigning RLC SNs should not change the RLC transmitter state, update the transmitting window, or update any other protocol parameters. Otherwise, prematurely associating PDCP PDUs to RLC and this way changing the RLC transmitter state, comes with the risk that data may become delayed or be stuck on RLC of a transmission leg if this leg is (cannot) be scheduled. This leads to transmission delays of this data. In single connectivity, this data may not be able to be discarded anymore, and furthermore in dual connectivity, delivery of data received on another transmission leg is also blocked, due to PDCP reordering.
[bookmark: _Toc488315283][bookmark: _Toc488320098][bookmark: _Toc489256131][bookmark: _Toc489883576][bookmark: _Toc489890588][bookmark: _Toc490135483][bookmark: _Toc490138917]Pre-processing of PDCP/RLC SDUs/PDUs is implementation-specific.  
[bookmark: _Toc488315285][bookmark: _Toc488320100][bookmark: _Toc489256133][bookmark: _Toc489883578][bookmark: _Toc489890590][bookmark: _Toc490135484][bookmark: _Toc490138918]Pre-processing does not imply that PDCP must deliver data to lower layers nor creating RLC PDUs, before lower layers request data.
[bookmark: _Toc489883579][bookmark: _Toc489890591][bookmark: _Toc490135485][bookmark: _Toc490138919]Pre-processing does not update nor change the RLC protocol variables and states.
Delivery of data to lower layers (RLC)
With the current agreements on pre-processing, the current specification text needs to accommodate both the restriction of invoking RLC states, as well as when/how data is submitted to lower layers:
· should data be immediately pushed to lower layers and considered to be buffered there (i.e. on RLC), or 
· should the PDCP PDUs remain on PDCP until an UL grant arrives and data is requested to be submitted down?
For the non-split bearer case and non-duplication case, PDCP may prepare a PDCP PDU i.e. RLC SDU. It is thus a rather ‘philosophical’ question if a PDCP PDU is kept and stored in PDCP, or a RLC SDU is kept and stored in the RLC buffer. From the logic point of view however, it is the same. 
One key aspect is that RLC cannot create RLC PDUs until lower layers indicate a transmission opportunity/grant. Only then, the RLC can act on a PDCP PDU and start the processing of it to create RLC SDUs or SDU segments. In LTE TS 36.322:
	 […]
The following applies to all RLC entity types (i.e. TM, UM and AM RLC entity):
-	RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported;
-	RLC PDUs are formed only when a transmission opportunity has been notified by lower layer (i.e. by MAC) and are then delivered to lower layer.
[…] 
[bookmark: _Toc477961546]4.2.1.3.2	Transmitting side
When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs, it shall:
-	segment and/or concatenate the RLC SDUs so that the AMD PDUs fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer.
[…]



For LTE Rel-12, split bearers were introduced. When split bearers are configured, data above a configured threshold may be sent via both links, depending on where grant is received first. This required the request-based approach, where data is kept on PDCP until requested to transmit on one of the links. Not determining the path the PDCP data takes prematurely but according to the granted resource ratio on the transmission legs can be regarded as the optimum split. In LTE TS 36.323:
	[…]
For split bearers, when requested by lower layers to submit PDCP PDUs, the transmitting PDCP entity shall:
[…]



The same reasons apply to the NR split bearer. Even if data is not delivered until a grant is received, the UE could do a certain level of pre-processing with the objective of reducing the latency and easing the processing requirements as explained above. However, any PDCP PDU and RLC PDU finally created and delivered should strictly follow the specifications. 
For all these reasons, we think that the same behaviour as the one introduced for split bearers in Release 12 should be followed in NR. This is in-line with the agreement of reusing the LTE split threshold mechanism, and does not contradict the agreement on allowing pre-processing on the split bearer, which is furthermore explicitly agreed to be left to implementation.
	
[bookmark: _Toc481060185][bookmark: _Toc481060906][bookmark: _Toc481669071][bookmark: _Toc481671530][bookmark: _Toc481671983][bookmark: _Toc481672705][bookmark: _Toc481674248][bookmark: _Toc484174927][bookmark: _Toc484178506][bookmark: _Toc485386836][bookmark: _Toc485386849][bookmark: _Toc488318980][bookmark: _Toc488320095][bookmark: _Toc489256134][bookmark: _Toc489890592][bookmark: _Toc490135486][bookmark: _Toc490138920][bookmark: _Toc490139094][bookmark: _Toc490139209][bookmark: _Toc490139262]Similar as in LTE, for split bearer operation, PDCP transmitter delivers PDCP PDUs to lower layers only upon request i.e. when a transmission opportunity is notified by lower layers.
It could be argued that for PDCP data duplication on the split bearer an exception could be done. However, there are some risks of doing so. For PDPC data duplication, pushing down the data immediately to both RLCs may lead to this data being stuck in an RLC for which no grant will arrive (for some time). A further risk is that duplicate transmissions drift apart, due to different amounts of granted resources on the links. In the case that duplicate data is pushed to RLC, when a grant arrives, RLC will send this duplicate data – however, it may be outdated already since the data was already received via the other link. Furthermore, if RLC PDUs are built before a transmission opportunity is indicated, the RLC discard will not work any longer as RLC AM PDUs cannot be discarded. Therefore, we propose: 
[bookmark: _Toc490135487][bookmark: _Toc490138921][bookmark: _Toc490139095][bookmark: _Toc490139210][bookmark: _Toc490139263]For PDCP data duplication, PDCP transmitter delivers PDCP PDUs to lower layers only upon request i.e. when a transmission opportunity is notified by lower layers.

When PDCP PDUs are submitted upon request to lower layer (RLC), it has to be discussed which PDUs are available for transmission. This is related to the data volume reporting function for BSR, which we also discuss in [1]. For transmission in duplication, a PDCP PDU should be transmitted on both requesting RLCs. This implies that when a PDU is transmitted via one RLC, it stays available in PDCP for transmission via the second RLC as well. When successful delivery of the PDCP PDU on the first RLC is indicated to PDCP, there is no need to send duplicates anymore to be transmitted also on the second RLC.
[bookmark: _Toc490135488][bookmark: _Toc490138922][bookmark: _Toc490139096][bookmark: _Toc490139211][bookmark: _Toc490139264][bookmark: _Toc489256136][bookmark: _Toc489890593]Duplication means that the PDCP Data PDU: 
a. [bookmark: _Toc490135489][bookmark: _Toc490138923][bookmark: _Toc490139097][bookmark: _Toc490139212][bookmark: _Toc490139265]shall be made available for transmission for each associated RLC entity. 
b. [bookmark: _Toc490135490][bookmark: _Toc490138924][bookmark: _Toc490139098][bookmark: _Toc490139213][bookmark: _Toc490139266]can be requested and transmitted once by each RLC entity
A further aspect is how PDCP should consider a duplicate that had been already successfully transmitted via one of the transmission legs. This aspect is further discussed in [2].
Furthermore, an FFS was listed on whether fall-back to split bearer is supported in DC. Duplication and UL split threshold for PDCP can both be simultaneously configured. This could be the case if intended to allow for fall-back to split bearer. If both duplication and split bearer is configured with duplication activated, duplication should be prioritized. Otherwise, if data is not above the threshold, data is sent via the single configured prioritized link only. 
[bookmark: _Toc489966344][bookmark: _Toc490135491][bookmark: _Toc490138925][bookmark: _Toc490139099][bookmark: _Toc490139214][bookmark: _Toc490139267]For DC PDCP duplication mode, fallback to split operation mode is supported.
In [3] we provide a text proposal for the transmit operation algorithm [3] implementing the above agreements.
Conclusion
[bookmark: _Hlk489883573]In section 2 we made the following observations:
Observation 1	Pre-processing of PDCP/RLC SDUs/PDUs is implementation-specific.
Observation 2	Pre-processing does not imply that PDCP must deliver data to lower layers nor creating RLC PDUs, before lower layers request data.
Observation 3	Pre-processing does not update nor change the RLC protocol variables and states.

Based on the discussion in section 2 we propose the following:
Proposal 1	Similar as in LTE, for split bearer operation, PDCP transmitter delivers PDCP PDUs to lower layers only upon request i.e. when a transmission opportunity is notified by lower layers.
Proposal 2	For PDCP data duplication, PDCP transmitter delivers PDCP PDUs to lower layers only upon request i.e. when a transmission opportunity is notified by lower layers.
Proposal 3	Duplication means that the PDCP Data PDU:
a.	shall be made available for transmission for each associated RLC entity.
b.	can be requested and transmitted once by each RLC entity
Proposal 4	For DC PDCP duplication mode, fallback to split operation mode is supported.
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