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Introduction
RAN2#95 discussed based on our contribution [2] the basic principles for second level retransmissions in NR. This was followed up in RAN2#95bis [1] where some agreements were made based on our contribution:
Agreement
-	The ARQ will be supported in RLC. 
-	RLC adds an RLC SN

In our previous contribution [1] we also provided a text proposal, which the rapporteur of the study item suggested to capture in the TR. However, some companies expressed that this had not been agreed explicitly and that further discussion would be needed. 
Since we consider it important that RAN2 reaches a common understanding on the underlying design principles and captures those in the TR, we provide an updated text proposal in section 2 of this document. The text proposal reflects both, the background information that we provided in our previous paper as well as the discussions and conclusions reached in the NR study item in RAN2. 
Text proposal
Based on the observations in section [1] and taking into account the discussion in the previous RAN2 meetings, we prepared the following text proposal which is intended to explain the design rational for the NR user plane protocol stack:
5.4.2	RLC Sublayer
5.4.2.X	ARQ functionality
In particular services using TCP as transport protocol require low IP loss rates and low end-to-end latency to benefit from high data rates offered by an underlying link. This should be taken into account when designing the L2 UP protocol stack.
The single-bit ACK/NACK feedback in LTE’s MAC HARQ protocol was not considered sufficiently reliable to achieve the required low residual loss rate with reasonable overhead. Hence, LTE RLC AM was introduced above MAC HARQ to correct the residual HARQ errors reliably with relatively low overhead but (like any protocol ensuring in-order-delivery by means of retransmissions) at the expense of latency spikes and hence L2 memory.
RAN2 agreed that NR should also offer a second ARQ layer to achieve the low required residual loss rate with acceptable protocol overhead. RAN2 also discussed where to place this protocol and captured the following design criteria:
-	The second ARQ protocol should not span across any non-ideal (i.e., non-negligible delay, risk of congestion) transport network interfaces since that would increase the protocol latency or cause unnecessary overhead and therefore congestion. This is also important since a second ARQ protocol should only detect and correct transmission related losses occurring on the radio interface but not the congestion related losses. Congestion related losses should rather be made visible to higher layer protocols (in particular to TCP).
-	The ARQ protocol overhead per PDU should be low, both when operating at high L1 data rates but also in challenging coverage situations. 
-	Whether the reliability of the second ARQ protocol is needed is service-dependent. It is hence desirable to be able to configure the second ARQ protocol individually per logical channel.
Due to the reasons explained in the first two bullets above, the second ARQ protocol layer should not be placed in the PDCP protocol. The PDCP protocol should remain to be insensitive to latency and congestion related losses so that it can operate across non-ideal interfaces (e.g. Dual Connectivity).
Due to the reasons highlighted in the third bullet above, the second ARQ protocol should not be placed in MAC.
Based on this evaluation, RAN2 concluded that the second ARQ protocol layer in NR should be in the RLC protocol. 
While the LTE RLC AM receiver performs both ARQ and in-sequence-delivery, it is possible to decouple these functions and to move the in-sequence-delivery to a higher protocol layer. RAN2 discussed that such out-of-sequence delivery would enable the PDCP receiver to decipher PDCP PDUs even while PDCP PDUs with preceding sequence numbers have not yet been received. Secondly, the out-of-sequence delivery towards PDCP may reduce latency spikes in scenarios where the PDCP transmitter duplicates PDUs via two (or more) links (e.g. RRC diversity). Therefore, RAN2 agreed to model the in-sequence delivery as part of the PDCP protocol. 
For NR, not only the protocol overhead but also the processing complexity and processing latency of the UP protocol stack was discussed. Building RLC PDUs (in particular the RLC header) on-the-fly (upon availability of the grant/assignment) was considered too time consuming. Replacing RLC concatenation with MAC Multiplexing allows pre-generating and interleaving PDCP/RLC/MAC headers with the respective data blocks. Therefore, NR RLC does not perform concatenation of RLC SDUs. 
Conclusion
Based on earlier discussions and the explanations in [1], we propose the following:
Adopt the text proposal for the TR.
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Annex – Background
This section is a shortened version of the one found in [1]. The following observations describe the expectations of the higher layer (TCP) and the reasons speaking in favour of a second ARQ protocol on top of the HARQ protocol in MAC.
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While companies in RAN2 seemed to agree with these observations, there was a debate whether the RLC ARQ protocol could reside higher (PDCP) or lower (MAC) in the protocol stack. The way RLC was designed in UMTS with RLC residing in the RNC was not optimal, as it was very hard to correctly tune the ARQ parameters.
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Additionally, the RLC ARQ receiver in UMTS was unable to differentiate between lost RLC PDUs due to congestion in the transport network or lost RLC PDUs over the Uu interface. Since UMTS RLC corrected congestion related losses, it emphasized the congestion on the TN which had to be addressed by complex and inefficient Flow Control schemes. This design flaw was corrected in LTE when the RLC entity in the network was moved from the RNC to the eNB. Thereby, the LTE RLC ARQ protocol corrects only transmission related losses on the Uu interface while congestion related losses on the transport network are made visible to the end-points.
[bookmark: _Toc461114249][bookmark: _Toc461114560][bookmark: _Toc461115220][bookmark: _Toc462652880][bookmark: _Toc462925552][bookmark: _Toc462926673][bookmark: _Toc465685837][bookmark: _Toc466058756][bookmark: _Toc466071488]A link layer ARQ protocol should detect and correct transmission related losses.
[bookmark: _Toc461114250][bookmark: _Toc461114561][bookmark: _Toc461115221][bookmark: _Toc465685838][bookmark: _Toc466058757][bookmark: _Toc466071489][bookmark: _Toc462652881][bookmark: _Toc462925553][bookmark: _Toc462926674]A link layer ARQ protocol should not detect and correct congestion related losses but rather make those visible to higher layer protocols (in particular to TCP). 
Retransmissions should be efficient and adaptive so that it increases the probability for the retransmitted packet to be received. In LTE, the RLC transmitter obtains the PDCP PDUs and segments or concatenates them into a single RLC PDU that fits perfectly into the scheduled MAC PDU. This is a very overhead-efficient scheme in particular at low L1 data rates, where protocol overhead efficiency matters most.
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Replacing RLC concatenation with MAC Multiplexing allows pre-generating and interleaving PDCP/RLC/MAC headers with the respective data blocks.
While we agree to this we also see drawbacks in terms of increased receiver side processing: In particular on the eNB side the interleaved length fields are expected to lead to more memory accesses and hence increased processing load. 
It has been discussed briefly to make MAC more robust so that an RLC ARQ protocol becomes obsolete. There are two approaches to achieve this: 
One could design the MAC HARQ protocol so that it becomes more reliable.
Alternatively, one could include a second level ARQ scheme into MAC. Assuming that RAN2 would not introduce per-DRB ARQ entities within MAC, the second level ARQ scheme would apply to all MAC PDUs and hence to all services. While the RLC ARQ overhead is negligible for continuous data transfers and/or relatively large IP packets, it adds a significant overhead to a non-continuous stream of small data packets such as VoIP. Running VoIP over RLC AM works but it almost doubles the data transmissions due to RLC STATUS reports being sent for every VoIP packet. In LTE it is therefore possible to configure whether ARQ should be used per bearer (i.e. per RLC entity). This would no longer be feasible when the second ARQ level is moved into MAC. Creating per-DRB ARQ entities would enable this but is (in terms of implementation and processing) equivalent to keeping them in RLC.
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