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1 Introduction

One of the objectives of the new Rel-13 WI on “DC enhancements for LTE” [1] is the introduction of uplink bearer split. In this paper we discuss the uplink PDCP data transfer procedure, how to deliver data from PDCP to lower layers and how to avoid gaps in the uplink PDCP SNs and unnecessary reordering delays due to the PDCP discard function.
2 Discussion

2.1 PDCP data transfer procedure

How PDCP data is transferred in the uplink needs further attention when the uplink split is introduced. Some aspects for UL data transfer in PDCP are for example left to UE implementation, e.g. currently, the delivery of PDCP PDUs to lower layers as well as avoiding that not more than half the PDCP SN space is in flight is left for UE implementation. However, there are some aspects which need to be changed.

In [2] we described two possible solutions for how PDCP delivers PDCP PDUs to lower layers in case of uplink bearer split: pushing from PDCP to lower layers, or pulling from PDCP from lower layers. With the push based solution, PDCP PDUs are delivered to lower layers immediately upon arrival of SDU, as long as not more than half the PDCP SN space is in use. With the pull based solution, PDCP PDUs are delivered to lower layers only upon indication from lower layers of a transmission opportunity.
In RAN2#90, a set of agreements regarding the use of threshold to steer the uplink transmission for a split bearer were made:
	Agreements

0:  Threshold is configured per radio bearer.
1:
PDCP is indicated by ul-DataSplitDRB-ViaSCG-r12 to which the eNB UE shall trigger BSR when PDCP data amount is less than the threshold

2:  PDCP reports BS for UL bearer split only towards the eNB indicated by ul-DataSplitDRB-ViaSCG-r12 when PDCP data amount is less than the threshold

2a:
PDCP reports BS for UL bearer split towards the both eNBs when PDCP data amount is above the threshold

3:
PDCP transmits PDCP PDU for UL bearer split only towards the eNB indicated by ul-DataSplitDRB-ViaSCG-r12 when PDCP data amount is less than the threshold

4:
BSR triggering, Buffer Size calculation, and data transmission is aligned.



A consequence of the agreements to introduce a threshold to determine BSR reporting based on data amount available in PDCP buffers, is that in order to work correctly, this requires data to be buffered in the UE on the PDCP layer, and to be delivered to lower layers for transmission only when an uplink scheduling grant is received in the respective cell group, that is, a pull-based mechanism. Tables 1 and 2 show time diagrams of buffer fill level of PDCP, M-MAC and S-MAC for pull and push based operation to illustrate this. The ul-DataSplitDRB-ViaSCG-r12 is FALSE and the threshold for uplink split is set to 500 bytes. 
	Time
	T0
	T1
	T2
	T3
	T4
	T5
	T6

	PDCP
	1000
	700
	400
	200
	0
	0
	0

	M-MAC
	
	200
	200
	200
	200
	0
	0

	S-MAC
	
	100
	100
	
	
	
	


Table 1: Time diagram of buffer fill level for pull-based transmission
Table 1 shows the transmission schedule for pull-based PDCP transmission operation. At time T0, there are 1000 bytes in the PDCP buffer for transmission. As the amount is over the threshold of 500 bytes, BSR has been reported in both MCG and SCG. At time T1, the UE receives a SCG grant for 100 bytes and a MCG grant for 200 bytes, and S-MAC and M-MAC requests the corresponding amount of data from PDCP for transmission. The same occurs at T2. In the example, from T3 onwards, the network is unable to schedule the UE on SCG, thus no SCG grants are given after this point. Anyway, for the pull-based approach, the transmission sequence is completed on MCG at T4.
	Time
	T0
	T1
	T2
	T3
	T4
	T5
	T6

	PDCP
	1000
	0
	0
	0
	0
	0
	0

	M-MAC
	
	500
	300
	100
	
	
	

	S-MAC
	
	500
	400
	300
	300
	300
	300


Table 2: Time diagram of buffer fill level for push-based transmission
Table 2 shows the transmission sequence for push-based PDCP transmission operation. As in the previous case, at time T0, there are 1000 bytes in the PDCP buffer for transmission. As the amount is over the threshold of 500 bytes, BSR has been reported in both MCG and SCG. The push-based operation means the data is immediately processed and pushed to the MAC layer, so that at beginning of time T1 there is 500 bytes in M-MAC and S-MAC respectively. At T1, the UE receives a SCG grant for 100 bytes and a MCG grant for 200 bytes, and S-MAC and M-MAC transmits the corresponding amount of data. The same occurs at T2. From T3 onwards, the network is unable to schedule the UE on SCG, thus no SCG grants are given after this point. This means that M-MAC continues to transmit on received grants, finalizing transmission at T3. However, in this example for the push-based approach, since no SCG grants are received, data in the S-MAC buffer is stuck until the network is able to schedule the UE on SCG again (i.e. until more data has arrived in the buffers).
As shown in this simple example, pull-based operation, i.e. that PDCP delivers data to lower layers only upon receiving uplink scheduling grants, is the preferred UE behavior. Therefore, we have the following proposal:
Proposal 1 When the buffer threshold is configured, PDCP delivers data to lower layers only upon receiving uplink scheduling grants. 

2.2 PDCP SN allocation

Important to note is that the pull-based transmission procedure of PDCP PDUs described above leaves the allocation time of the SN up to UE implementation, and is in this respect a flexible solution. The UE may choose to assign PDCP PDU SN and perform encryption before the actual transmission. Still, in order to avoid issues with PDCP discard and unnecessary reordering in the PDCP receiver as described in [4], a good UE implementation is to assign the PDCP SN as late as possible to avoid the PDCP discard function to cause gaps in the PDCP SNs and subsequent reordering delays in the PDCP receiver. Assigning PDCP SNs late, and thus avoiding this problem, would not be possible in a push-based PDCP operation where PDCP PDUs are delivered to lower layers immediately upon SDU arrival.
We believe the exact time of the PDCP SN allocation should be left for UE implementation. This could be captured in the PDCP specification with a note similar to the existing one on preventing allocation of more than half the PDCP SN space. Currently, the following note is present in the specification:

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.

In RAN2#89bis, the following note was proposed in [5] to avoid the SN gap issue:

NOTE:
For split 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. How to prevent SN gap in the transmitted PDCP PDUs after PDCP SDU discard is left up to UE implementation.
We think this could be a suitable way to capture the UE behavior (when the buffer threshold is configured), but we are open to exact wording.

Proposal 2 To avoid gaps in the reordering window, SN should be allocated late for the PDCP PDU. 

Proposal 3 Details when to allocate the PDCP PDU SN could be left for UE implementation and this should be captured with a note in TS 36.323 indicating the consequences of early allocation of SN, i.e. discarding a PDCP SDU already associated with a PDCP SN creates delay.
In [3] we provide a CR to TS 36.323 to introduce Uplink Split to PDCP, based on previous agreements and proposals in this paper.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
When the buffer threshold is configured, PDCP delivers data to lower layers only upon receiving uplink scheduling grants.
Proposal 2
To avoid gaps in the reordering window, SN should be allocated late for the PDCP PDU.
Proposal 3
Details when to allocate the PDCP PDU SN could be left for UE implementation and this should be captured with a note in TS 36.323 indicating the consequences of early allocation of SN, i.e. discarding a PDCP SDU already associated with a PDCP SN creates delay.


4 
References

[1] RP-150490, “New WI proposal: Dual Connectivity enhancements for LTE”, 3GPP TSG RAN #67.

[2] R2-151434, “Uplink bearer split for Dual Connectivity”, Ericsson, Bratislava, RAN2#89bis, April 2015.
[3] R2-153760, CR for TS 36.323, “PDCP data transfer procedure for uplink bearer split”, Ericsson, Beijing, P.R. China, 24th – 28th August 2015.
[4] R2-151063, Discussion on PDCP SDUs with zero length, Nokia Networks, Bratislava, RAN2#89bis, April 2015.
[5] R2-151329,
PDCP SDU discard in split bearers,
LG Electronics Inc.
, Bratislava, RAN2#89bis, April 2015.

4/4


