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Discussion and Decision
1      Introduction
In RAN2 NR AH #2 meeting, following was agreed regarding UL split bearer:
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

In email discussion [NR-AH2#07][NR UP] Running TS 38.32, companies have different opinions on how to capture the decisions related to UL split bearer. In this contribution, we discuss this topic. 
2      Discussion
It was agreed in NR AH#2 meeting that pre-processing is allowed in the UL split bearer. However, it seems that there are different interpretations about pre-processing. Since this is an important aspect in UE implementation, it is necessary to clarify and to describe in the specification the support of pre-processing operation. 
There were proposals that PDCP PDUs are kept in the PDCP until a grant reception from either MCG or SCG leg with following options.
· Option 1: Upon reception of UL grant, RLC and MAC PDUs are built, including the generating of corresponding RLC and MAC headers.
· Option 2: Upon reception of UL grant, the PDCP would feed either of the legs and the pre-processed RLC and MAC headers can be directly associated with the incoming PDCP PDUs [1].
Option 1 basically ignores all the past RAN2 efforts (e.g. removal of concatenation functionality from RLC) since pre-processing is strictly prohibited in this option. Note that when pre-processing is mentioned, we mean the pre-processing in the RLC and MAC layer. The reason is that pre-processing at PDCP layer is possible at LTE, therefore PDCP layer pre-processing can be naturally assumed in NR and is not the discussion point here. 
As for option 2, the main issue is that there are lots of memory accesses (e.g. copying). The reason is that pre-generated RLC and MAC headers are located separately from PDCP PDUs in the memory. To build RLC and MAC PDUs, memory copying should be performed. Such memory copying could consume many processing duty cycles especially considering that it involves two different RATs in case of MR-DC. Compared with allowing pre-processing (i.e. allowing RLC and MAC layer pre-possessing PDCP PDUs to a certain degree), it is challenging for option 2 to meet the tight timing requirement in NR.
Observation 1: Keeping PDCP PDUs in the PDCP is not consistent with RAN2 agreement on pre-processing operation.
In the email discussion, one main motivation to disable pre-processing is to avoid 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. 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.
Observation 2: There is no performance issue in UL split bearer for pre-processing at RLC and MAC layer.
Given above observation, we would like to confirm the agreement in RAN2 NR AH#2 meeting that pre-processing is allowed in the split bearer case with more clear description.
Proposal 1: RAN2 to reconfirm that pre-processing at RLC and MAC layer should be allowed in the split bearer case. This means that PDCP PDU can be submitted to RLC entities before receiving UL grant.
Given above proposal, we’d like to investigate whether any text proposal is needed for current TS 38.323 [2]. The related text from TS 38.323 is copied 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:
-
submit the PDCP Data PDU to the configured RLC entity;

-
else:

-
submit the PDCP Data PDU to one of the associated RLC entity.


Above highlighted part is related to the UL split bearer case and it can be seen that current specification text does not prohibit pre-processing. To avoid any confusion, it is proposed to add a note regarding pre-processing aspect. For example, the following note discussed in the email discussion can be used.
Note: The transmitting PDCP entity is allowed to submit PDCP PDUs to lower layer before receiving request from lower layers. It is up to UE implementation how many PDCP PDUs are submitted to lower layer.
Proposal 2: A note regarding pre-processing is added to TS 38.323.

3      Conclusion
In this contribution, we discuss pre-processing aspect in UL split bearer. We have the following observations:
Observation 1: Keeping PDCP PDUs in the PDCP is not consistent with RAN2 agreement on pre-processing operation.
Observation 2: There is no performance issue in UL split bearer for pre-processing at RLC and MAC layer.
We propose the following:
Proposal 1: RAN2 to reconfirm that pre-processing at RLC and MAC layer should be allowed in the split bearer case. This means that PDCP PDU can be submitted to RLC entities before receiving UL grant.
Proposal 2: A note regarding pre-processing is added to TS 38.323.
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