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1. Introduction
The NR UL data split operation was discussed during previous RAN2 meetings. Following agreements were reached at RAN2 NR AH#2 meeting:
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

However, during the following email discussion [NR-AH2#07][NR UP] Running TS 38.323 (LG), it appeared companies had different understanding of the 2 first agreements. In this contribution, we detail our understanding and how the UL data split operation could be designed when at least one NR link is involved.
2. Discussion
2.1. Pre-processing in NR
In previous meeting (see [1] and [2]) and during the following email discussion, some companies argued that pre-processing can still be performed while keeping LTE like UL data split operation, i.e. retaining PDCP PDUs in PDCP till the arrival of an UL grant on either leg.
The question is not if some pre-processing can be performed: obviously pre-processing up to PDCP PDUs is still possible (as it is already possible in LTE). The question is which pre-processing is possible, and whether it can be considered as “sufficient”, compared to the pre-processing allowed in NR in single connectivity.

Pre-processing allowed in NR in single connectivity
In NR, because of tighter time constraints/higher TB size, the NR user plane protocol stack was simplified to enable extensive pre-processing, and reduce the real-time processing requirements. This was done mainly by removing RLC concatenation, along with interleaving of MAC sub-headers. 
The proponents of RLC concatenation removal detailed the expected benefit in [3]. In particular, it is indicated that “a complete MAC PDU can be ready before UL grant”.

More basically, our view is that complete MAC subPDU(s) (MAC subheader + RLC PDU) can be prepared, and even aligned in memory, before UL grant arrival. The real time processing on UL grant arrival can be limited to performing one RLC segmentation operation.

From a modelling point of view, our understanding is that PDCP PDUs are allowed to be submitted to RLC and pre-processed into RLC PDUs before UL grant, as captured in RLC running CR:

“Each RLC SDU is used to construct an RLC PDU without waiting for notification from the lower layer (i.e., by MAC) of a transmission opportunity. In the case of UM and AM RLC entities, an RLC SDU may be segmented and transported using two or more RLC PDUs based on the notification(s) from the lower layer”
Moreover, it was also agreed and captured that a SDU discard shall not lead to the discard of a RLC PDU. Implicitly, the UE can hence perform some amount of pre-processing (submission to RLC for construction of RLC PDUs) but no more than needed, since this would defeat the SDU discard feature.
Observation 1: In NR single connectivity, pre-processing up to RLC PDUs / MAC subPDUs stream is possible, leaving only one RLC segmentation operation to be performed at UL grant reception
Pre-processing allowed in NR link if retaining PDCP PDUs in PDCP till the arrival of an UL grant
Contributions [1] and [2] address this question. Some additional pre-processing compared to LTE case is possible, but it is clear that the previously discussed extensive pre-processing is no longer possible. 

A UE would have to support same requirements (throughput) on a NR link whether it is used in UL split or in single connectivity. This means that such solution will bring back complexity in UE and defeat most of the possibilities allowed by the new UP protocol stack.
Observation 2: In case of UL data split, retaining PDCP PDUs in PDCP till the arrival of an UL grant does not offer similar pre-processing possibilities as in single connectivity, and will increase UE complexity

Hence, we would like RAN2 to confirm the previous agreement “Pre-processing is allowed in the split bearer case, similar to single carrier case”, with the understanding that similarly to single connectivity case, some PDCP PDUs can be submitted to lower layers and pre-processed into RLC PDUs/MAC subPDUs before reception of an UL grant.

In case of LTE-NR tight interworking, this would only apply to the NR leg. The LTE leg should not be impacted.

Proposal 1: On a NR link used in UL data split, some PDCP PDUs can be submitted to NR link lower layers before UL grant reception to allow pre-processing into RLC PDUs/MAC subPDUs (similarly to single connectivity case).

2.2. Impact on UL split performance
In [2], it is stated that
“Thereby, pre-processing does not mean pushing down data to RLC. We note especially that RLC header construction with potentially virtually pre-assigning RLC SNs should not change the RLC transmitter state. 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, which leads to transmission delays of this data. Furthermore, delivery of data on the other leg is also blocked, due to PDCP reordering.”
And in the following email discussion, the same company stated:

“To ensure a working system, we must hence keep the text “when requested by lower layers to submit PDCP PDUs” in the PDCP specification.”
It is correct that submitting too much data to a leg which can hardly be scheduled can badly impact the performance. However:
· This “issue” already exists in LTE. Even if PDCP PDUs are retained in PDCP, when an UL grant arrives, a sufficient amount of PDUs will be submitted and the last one will be segmented by RLC and will remain stuck in the leg.

· This “issue” would also exist in NR if PDCP PDUs are retained in PDCP, for the same reason. To completely remove it, we would need to disable RLC segmentation in case of UL split bearer, with consequences on the radio resource efficiency and possible issues in case of too small TBs.
· The “issue” exists also in downlink, where the PDCP has to route data towards MCG or SCG, which might then be stuck in case scheduling is not possible.
Hence it seems excessive to say that the text “when requested by lower layers to submit PDCP PDUs” has to remain to ensure a working system. The key is just to limit the amount of data which might get stuck in a leg. In case of UL split in LTE, or NR proposals [1]/[2], this amount is limited to a segment of one PDCP PDU. In case of DL split, this amount is limited by flow control between PDCP and MCG or SCG, but will be typically much higher. 
Observation 3: To limit impact on UL split performance, the amount of data which might get stuck in a leg should be limited, but it is anyway not 0 with LTE solution or in case of DL split
In our view, given the impact on UE complexity, keeping the LTE solution is not justified. It should be fine to tolerate some PDCP PDUs to be submitted to lower layers (equivalently some amount of data buffered in lower layers) before UL grant reception.

As a baseline, the amount of data allowed to be buffered in NR link(s) lower layers could be left for implementation, as suggested by the agreement “How much pre-processing is done is left to UE implementation”. Generally, it could be considered that the UE will only submit a small amount of data, according to its pre-processing needs. 
However, without any additional requirement, this also allows the UE to submit all incoming UL data to lower layers. In order to ensure a testable behaviour, and limited performance degradation of UL split, it could be consider specifying a limit in the amount of data allowed to be buffered in lower layers, while relaxing it compared to LTE solution (which basically allows only a segment of PDCP PDU). This would also address the concern raised by [2]. 

Proposal 2: RAN2 to discuss whether to specify a limit in the amount of data allowed to be buffered in NR link(s) lower layers 

This is further analysed in our companion contribution [4]. 

2.3. Impact on Threshold metric
LTE threshold operation

In LTE, in case of split bearer operation, a tight flow control is implicitly assumed when a split bearer is configured, such as PDCP PDUs remain stored in PDCP until requested by lower layers (this is not the case for non-split operation). This means that for the most part, the data to be transmitted is buffered into PDCP (only RLC SDU segments, RLC STATUS or RLC PDUs to be retransmitted are to be transmitted but not buffered PDCP; typically this represents a much lower data amount than what is buffered in PDCP).

Hence, the use of PDCP data volume basically boils down to looking at how much UL data needs to be transmitted. 

Observation 4: In LTE, the use of PDCP data volume mostly boils down to looking at total data volume to be transmitted

NR threshold operation

In NR, as discussed before, the protocol design should allow some data to be pre-allocated (submitted) on NR link(s) before UL grant arrival.

It is possible to keep the LTE approach if instead of considering only PDCP data volume, we consider also in addition the data volume which was submitted and buffered in NR link(s) lower layers. The data volume to be considered can be either the “total new data” (PDCP data, as well as PDCP PDUs already sent and buffered in lower layers, regardless they are pre-processed or not), or “total data” (including also RLC retransmissions, RLC STATUS). It seems easier to consider total data.
This can be applicable whenever we have at least 1 NR link, i.e. for NR-NR or NR-LTE UL split operation. For LTE link, the buffered data in lower layers might be taken into account (to align with NR) or not (to keep same mechanism as in LTE) – as discussed above, this does not make much difference. 
Proposal 3: The split threshold is based on PDCP data volume plus data buffered in NR link(s) lower layers
Similarly to LTE, the split threshold is used both

· To activate routing towards one or both links

· To advertise/make PDCP data visible to one or both links (for BSR calculation/reporting). This means that whenever BSR is higher than the split threshold, it has been reported to both links. Such information might be used by the NB scheduler to optimize the scheduling.

It is proposed that the same principle is kept for NR. 
Proposal 4: Keep the LTE approach that the split data threshold is used both to route towards one or both links and to make PDCP data visible to one or both links (for BSR calculation/reporting)
3. Conclusion 
In this contribution, we discussed UL data split operation for NR, and made the following observations and proposals:
Observation 1: In NR single connectivity, pre-processing up to RLC PDUs / MAC subPDUs stream is possible, leaving only one RLC segmentation operation to be performed at UL grant reception
Observation 2: In case of UL data split, retaining PDCP PDUs in PDCP till the arrival of an UL grant does not offer similar pre-processing possibilities as in single connectivity, and will increase UE complexity
Proposal 1: On a NR link used in UL data split, some PDCP PDUs can be submitted to NR link lower layers before UL grant reception to allow pre-processing into RLC PDUs/MAC subPDUs (similarly to single connectivity case).
Observation 3: To limit impact on UL split performance, the amount of data which might get stuck in a leg should be limited, but it is anyway not 0 with LTE solution or in case of DL split
Proposal 2: RAN2 to discuss whether to specify a limit in the amount of data allowed to be buffered in NR link(s) lower layers
Observation 4: In LTE, the use of PDCP data volume mostly boils down to looking at total data volume to be transmitted
Proposal 3: The split threshold is based on PDCP data volume plus data buffered in NR link(s) lower layers
Proposal 4: Keep the LTE approach that the split data threshold is used both to route towards one or both links and to make PDCP data visible to one or both links (for BSR calculation/reporting)
A corresponding TP is provided in the Annex.
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Annex – TP
4. 5.2.1
Transmit operation
<Text removed>
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 total buffered data available for transmission (including data pre-allocated in NR link(s) ) is less than ul-DataSplitThreshold:

-
submit the PDCP Data PDU to the configured RLC entity;

-
else:

-
submit the PDCP Data PDU to one of the associated RLC entity.
In addition:
- 
For split bearers, PDCP submits PDCP PDU to LTE lower layers when requested by LTE lower layers (following UL grant arrival and LCP procedure).

- 
For split bearers, PDCP may submit PDCP PDUs to NR lower layers without request from NR lower layers.

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, and FFS what is compared with threshold.
<Text removed>
5.6
Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider PDCP Control PDUs, as well as the following as PDCP data volume:

For SDUs for which no PDU has been submitted to lower layers:

-
the SDU itself, if the SDU has not yet been processed by PDCP, or

-
the PDU if the SDU has been processed by PDCP.

For split bearers, when indicating the PDCP data volume to a MAC entity for BSR triggering and Buffer Size calculation, the UE shall:
-
if ul-DataSplitThreshold is configured and the total buffered data (including data pre-allocated in NR link(s) ) is larger than or equal to ul-DataSplitThreshold:

-
indicate the PDCP data volume to both the MAC entity configured for SCG and the MAC entity configured for MCG;
-
else:
-
if ul-DataSplitDRB-ViaSCG is set to TRUE by upper layer:

-
indicate the PDCP data volume to the MAC entity configured for SCG only;
-
if ul-DataSplitThreshold is configured, indicate the PDCP data volume as 0 to the MAC entity configured for MCG;

-
else:

-
indicate the PDCP data volume to the MAC entity configured for MCG only;

-
if ul-DataSplitThreshold is configured, indicate the PDCP data volume as 0 to the MAC entity configured for SCG.


