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1
Introduction

R2-141178 (ref [1]) discusses the issue of whether PDCP for split bearer should use a push or pull window based approach.  Based on internal discussion we found that it is quite confusing to talk about Push or Pull windows for PDCP without going in more detail. Therefore we examine current PDCP operation in more detail in section 2. Next in section 3 we discuss window aspects for the split bearer.
For reference, PUSH and PULL window operation from RLC are summarised in Annex A.
2
Rel-8 PDCP: Push or Pull?

Rel-8 PDCP has mainly two related parts that are relevant in this discussion:

-- PART 1 ------------------------------------------------------------------------------------------------------------------------
-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:

-
if received PDCP SN > Next_PDCP_RX_SN:

-
decipher the PDCP PDU as specified in the subclause 5.6, using COUNT based on RX_HFN - 1 and the received PDCP SN;

-
else:

-
decipher the PDCP PDU as specified in the subclause 5.6, using COUNT based on RX_HFN and the received PDCP SN;

-
perform header decompression (if configured) as specified in the subclause 5.5.5;

-
discard this PDCP SDU;

-------------------------------------------------------------------------------------------------------------------------------------

And the second part:

-- PART 2 ------------------------------------------------------------------------------------------------------------------------
-
else if Next_PDCP_RX_SN – received PDCP SN > Reordering_Window:

-
increment RX_HFN by one;

-
use COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
else if received PDCP SN – Next_PDCP_RX_SN >= Reordering_Window:

-
use COUNT based on RX_HFN – 1 and the received PDCP SN for deciphering the PDCP PDU;

-
else if received PDCP SN >= Next_PDCP_RX_SN:

-
use COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
if Next_PDCP_RX_SN is larger than Maximum_PDCP_SN:

-
set Next_PDCP_RX_SN to 0;

-
increment RX_HFN by one;

-
else if received PDCP SN < Next_PDCP_RX_SN:

-
use COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-------------------------------------------------------------------------------------------------------------------------------------
Question 1: Is PART1 implementing a PUSH window ?
· 
PART1 looks like implementing a PUSH window since it seems to discard packets outside a certain window. However on closer examination we can see that the packets are still used for updating the decompression context and for that purpose, the packets outside the window are always treated as earlier packets, i.e. packets before Last-submitted-PDCP-RX-SN. If the packet would actually be a later packet (because of “aggressive scheduling” by network, the wrong HFN would be assumed for deciphering. Although this will not lead to an incorrect reference HFN update (the reference SN/HFN is not updated), it may result in an incorrect update of the ROHC decompression context because ROHC is typically only using a 3 bit CRC causing problems for correct decompression of future packets.

· 
“aggressive scheduling” is also clarified in section 5.1.1. of 36.321 as not intended to be used:

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.
· 
Thus we can see that although PART1 is ensuring that always the latest ROHC compression information is used at the decompressor, it is not intended/effective in discarding future packets.

Observation 1: 
Rel-8 PDCP operation does not really have a PUSH window at the receiver.  I.e. by careful scheduling at the transmitter, the transmitter has to ensure that the receiver never has to re-order more than half of the PDCP SN size of PDCP PDU’s.

Question 2: Is PART2 implementing a PULL window ? 

Part2 is implementing the determination of whether a received PDU is an “older” or “newer” packet i.e (Next_PDCP_RX_SN-window, Next_PDCP_RX_SN) are considered to be “below” Next_PDCP_RX_SN, and (Next_PDCP_RX_SN+1, Next_PDCP_RX_SN+window-1) are considered to be “above” Next_PDCP_RX_SN. Incrementing the Next_PDCP_RX_SN is performed in a kind of “pull way” since the Next_PDCP_RX_SN is updated when an SN “above” Next_PDCP_RX_SN is received regardless of reception status of PDUs at the bottom of the re-ordering window. However still this is not a true PULL window as used by RLC since probably the most important characteristic of a PULL window is not implemented: i.e. there is no window which moves forward to deliver stored PDU’s at the bottom of the window PDUs to the upper layer. 

Observation 2: 
Rel-8 PDCP operation does not really implement a PULL window at the receiver. I.e. there is no window which moves forward when a higher SN is received, to deliver stored PDU’s at the bottom of the window PDUs to the upper layer.
3
Window operation for Split bearers
Question 3: Should we have PART2 for split bearers ?

For Dual-Connectivity split bearers, we assume it is important to have the overall operation stay as close as possible to the operation specify today in PDCP. This to enable smooth transitions from split bearers to non-split bearers. For this reason, we assume it is beneficial to re-use PART2 of the Rel-8 operation.

Proposal 1: PART2 operation is re-used for split bearers. I.e. In PDCP for split bearers:
A) Next_PDCP_RX_SN is used as COUNT reference
B) Half of PDCP SN space before Next_PDCP_RX_SN is considered “earlier packets”
C) Half of PDCP SN space after Next_PDCP_RX_SN is considered “later packets”
D) Next_PDCP_RX_SN is incremented when a later packet is received
Question 4: Should we have PART1 for split bearers ?

Next question is what to do with the PART1 ? It is important to realise that ROHC decompression for split bearers, with potential continuous out of sequence delivery, should always occur after re-ordering since that was the order in which the PDU’s were compressed. Thus compression information from packets below Last_Submitted_PDCP_RX_SN should not be used for decompression in the case of split bearers. This removes the need for the functionality for which PART1 was intended.

Although we did not have a PUSH window in Rel-8, one could still consider the question whether it would be useful to implement something a PUSH window for split-bearers to filter out packets too far in the future ?  If we would have a push window for split-bearers, it would probably look as follows:
-- Potential PUSH window for split bearers --------------------------------------------------------------------------------
-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:

-
discard this PDCP SDU;

-------------------------------------------------------------------------------------------------------------------------------------

This type of PUSH window would only be needed if there is possibility that more than half the SN space PDUs are outstanding, in order to prevent SN ambiguity when more than half the SN space PDUs are buffered in the reordering buffer. If there is no possibility on having more than half the SN space PDU’s outstanding, this type of PUSH window is not necessary because the timer would release the PDU x from the reordering buffer long before window lower edge crosses x. 
For Rel-8 – Rel-11, it was considered not necessary to have this type of PUSH window, i.e. the transmitter should control the packets in flight. Is there any significant motivation to change this approach for Rel-12 with Dual-Connectivity ?

It is true that there is one new aspect to consider for Rel-12 with Dual-Connectivity: MeNB PDCP will not have that quick updated information on whether packets are delivered by RLC in SeNB due to X2 delays. If we assume an X2 RTT of e.g. 100ms, this means that the maximum obtainable throughput is limited by an additional component i.e. (window*PDU size/(Rel-8 Uu RTT + X2-RTT)). Even if we would assume that it is possible to have high rates with large Uu RTT (100ms) and large X2 RTT (100ms), still we can obtain a rate of (2^14*1500*8=196Mb / 200ms) = 1Gbps which seems not really limiting any practical implementation. 
Aggressive scheduling would potentially allow this maximum rate even further, but at the cost of at least potential packet discarding at the receiver. 

From this perspective we see no real need to promote aggressive scheduling at the transmitter nor implement a PUSH window at the receiver.
Proposal 2:  
It is proposed to agree that a push-window operation is not needed for PDCP reordering on split-bearers.
4
Conclusion

Based on the following observations:

Observation 1: 
Rel-8 PDCP operation does not really have a PUSH window at the receiver.  I.e. by careful scheduling at the transmitter, the transmitter has to ensure that the receiver never has to re-order more than half of the PDCP SN size of PDCP PDU’s.
Observation 2: 
Rel-8 PDCP operation does not really implement a PULL window at the receiver. I.e. there is no window which moves forward when a higher SN is received, to deliver stored PDU’s at the bottom of the window PDUs to the upper layer.
RAN2 is requested to discuss and agreed on the following proposals:
Proposal 1: PART2 operation is re-used for split bearers. I.e. In PDCP for split bearers:
A) Next_PDCP_RX_SN is used as COUNT reference
B) Half of PDCP SN space before Next_PDCP_RX_SN is considered “earlier packets”
C) Half of PDCP SN space after Next_PDCP_RX_SN is considered “later packets”

D) Next_PDCP_RX_SN is incremented when a later packet is received
Proposal 2:  
It is proposed to agree that a push-window operation is not needed for PDCP reordering on split-bearers.
Note that with these proposals, PDCP for split bearers does not have a PUSH window nor a PULL window conform RLC window operation.
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Annex A: Push and Pull windows in RLC
There are two Rx windows specified in the current RLC specification.

	
	RLC UM Reordering window (5.1.2.2)
	RLC AM Rx window (5.1.3.2)

	Type
	Pull
	Push

	Lower edge
	VR (UH)-UM_Window_Size*
	VR (R)

	Upper edge
	VR (UH)
	VR (R)+ AM_Window_Size*

	Out-of-window PDU reception
	VR (UH) is updated
	Discarded

	Moving 
	When VR (UH) is updated 
	When VR (R) is updated

	Out-of-window PDUs due to  window movement
	Forwarded to the upper layer (assuming reordering fails for those PDUs)
	N/A


* They are constant value: UM_Window_Size is either 16 (with 5 bit SN) or 512 (with 10 bit SN). AM_Window_Size is 512.

In short, the window is defined by lower edge and upper edge, where specific action should be applied to PDUs not within the window. For RLC UM reordering window, the actions are to move the window forward (if the out-of-window PDU is higher than the upper edge) and to deliver the out-of-window PDUs lower than lower edge. For RLC AM Rx window, the action is to discard the out-of-window PDU because it is either duplicate one or too early one (i.e. higher than upper edge one).  

One thing to be noted is that only RLC UM window is relevant to reordering. For RLC AM, the window is just to cope with the abnormal case that transmitter somehow transmits more PDUs than allowed or already successfully received one. In RLC AM, reordering is only based on timer. 

Observation a: Pull window in RLC UM is relevant to reordering

Observation b: Reordering in RLC UM is based both on timer and pull window

Observation c: Push window in RLC AM is not relevant to reordering

Observation d: Reordering in RLC AM is based only on timer 
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