3GPP TSG-RAN WG2 Meeting #83bis
R2-133091
Ljubljana, Slovenia, 7 - 11 October 2013
Agenda item:

7.2.1
Source:
NSN, Nokia Corporation
Title:
Bottom-line gains of protocol-stack option 3D over 3C
Document for:

Discussion and Decision

1
Introduction
This contribution elaborates the previous analysis [7] of bearer splitting in RAN with independent and master/slave RLCs, which was briefly discussed in RAN2#83 without conclusion.
Our conclusion is that option 3D is best suited to realize option 3, for the following reasons:

1. it minimizes the reordering-buffer requirement from the UE;

2. in 3C, reordering at PDCP introduces unnecessary delay in situations such as: 
· PDCP discard
· packet loss over Xn

· change of MeNB without forwarding.
2
Analysis of reordering-buffer requirement from UE
To compare the buffering requirements from 3D and 3C, we consider a situation where downlink traffic is delivered over a bearer split among MeNB and SeNB, and a PDU of the protocol in charge of reordering (RLC in 3D, PDCP in 3C) is missed at reception of the corresponding protocol entity at the UE.
In this case, to maintain reordering the UE must be able to buffer the subsequent full-throttle reception, during the following stages:
Stages common to 3C and 3D

1. Xn_delay, a worst-case one-way Xn delay experienced by the PDU missed

2. sched.queue_SeNB, a worst-case time spent by the PDU in scheduling queue at the SeNB
3. HARQ_SeNB, the time taken by the configured maximum number of HARQ transmissions at SeNB

Subsequent stages, specific to 3D

After the above stages 1-3 the RLC reordering timer can expire (case in question: the PDU missed at the receiver can be in transmission via SeNB, while the PDU with the next SN was transmitted directly by MeNB error-free), so the RLC PDU can be RLC-NACKed.
The following stages then follow:

4. MeNB receiving the RLC NACK from the UE
5. Retransmission of the missing PDU directly by the MeNB

After these stages 4-5 is the point where, with all likelihood, the reception gap is filled, and the corresponding SDUs can be delivered to higher layer, clearing the reordering buffer. It is worth noting that not only is it reasonable to dimension and specify the required UE buffer according to this assumption, but also feasible: once specified, when the RLC at MeNB receives an ACK from the UE, it can compare the outstanding RLC data with the specified UE buffer size, and if needed, reduce transmission of further data for as long as necessary (in case also the first RLC retransmission should happen to fail). A similar reduction of transmission can be done also if insufficient RLC ACK/NACKs have been received from the UE.
Subsequent stages, specific to 3C
In the case of 3C, stages 1-3 are followed by (maximum number of SeNB-RLC retransmissions) repetitions of the following:
4’.
SeNB receiving the RLC NACK from the UE
5’.
HARQ_SeNB, as defined in stage 3 above.

Only after this can a reordering timer at PDCP expire (applying the same worst-case assumption as with the RLC reordering timer above), allowing the receiving PDCP at the UE to stop assuming that the missing PDU may still be in progress at lower layer: the PDU can now be inferred to be permanently lost due to either PDCP discard by the MeNB or loss over Xn, and be ignored in delivery to higher layer.

In contrast to the 3D-case, there seems to be no choice but to dimension the required UE buffer according to all the above stages since, in the case of packet loss over Xn, both the involved eNBs may well keep receiving RLC ACKs only, with nothing acting as an indication of a possible need to slow down transmission.
Given that, in the general case, the above stages specific to 3C are bound to have longer duration than those specific to 3D, we conclude our analysis with the following.

Proposal 1:
Agree that option 3D requires less reordering buffer from the UE than option 3C.
3
Unnecessary delays from reordering at PDCP
In [7], we also pointed out that if PDCP becomes responsible for reordering, a PDCP discard at a transmission buffer will not become observable at TCP layer until after PDCP’s reordering timer expires, whereas with reordering at RLC – as at present and as in 3D – PDCP passes the generated reception gap to higher layer with no delay. 
In the discussion at RAN2#83 it was questioned how, when option 3 is considered, a PDCP discard can take effect also at RLC (i.e. how a discarded PDCP PDU can also be discarded at RLC, in case the discarded PDCP PDU has already been submitted to RLC), given that the PDCP is at MeNB and one of the RLCs – or part of the RLC - is at SeNB.
While it is true that in option 3, a PDU discarded by PDCP may already have been sent to SeNB for transmission, assuming option 3 implies that there are also PDCP PDUs that are not scheduled for the SeNB and therefore can be discarded also at RLC: if the discarding by the MeNB is purely timer-based as currently specified for the UE, this will simply happen sooner or later. Alternatively, the MeNB can deliberately limit the discarding to those PDCP PDUs not scheduled for the SeNB – the information of such PDUs will be available at the MeNB in both options, 3C and 3D.
While probably the most significant, PDCP discard is not the only case where reordering at PDCP layer leads to unnecessarily waiting for PDUs that are eventually not received. Another case is when a PDCP PDU has been lost in transit over the Xn interface.In both cases, the corresponding PDCP PDU(s) will never be received at the UE, but the UE’s PDCP has no better information than to wait for them until a reordering timer expires.
Proposal 2:
Agree that reordering at PDCP introduces unnecessary delay in situations where a PDU is not going to be received, most importantly after PDCP discard.

4
Conclusion
In this contribution, we have made the following proposals:

Proposal 1:
Agree that option 3D requires less reordering buffer from the UE than option 3C.
Proposal 2:
Agree that reordering at PDCP introduces unnecessary delay in situations where a PDU is not going to be received, most importantly after PDCP discard.

Based on these, we also propose the following:

Proposal 3: 
Agree that option 3D is best suited to realize option 3.
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