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Discussion and Decision
1      Introduction
In RAN2#95 meeting, discussion took place on whether to move concatenation from RLC layer to MAC layer to ease the transmitter side processing. Email discussion [95#26] was held to identify the impacts of concatenation at RLC compared to concatenation at MAC, with the email discussion report in [1].
In this contribution, we investigate UP options to ease Tx processing.
2      Discussion
In NR, there is significant increase of peak data rate requirement compared with what can be achieved by LTE today: the target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink [2]. There is also tightened requirement for the processing time. For example for eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL, where user plane latency is defined as the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions [2]. In RAN1#85 meeting, there were agreements related to processing time as below [3]: 

	· NR design should strive at least to enable the possibility for

· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission

· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment

· Note: may depend on e.g. UE capability/category, payload size, etc

· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible


Although the exact timing requirements is not finalized, even a few hundreds of µs Tx and Rx timing requirement is much shorter compared with LTE (3 ms in case of FDD). Supporting very high peak data rate and very stringent Tx/Rx processing time becomes a challenge for implementation. In this contribution, we focus on user plane discussion related to transmitter side processing.
Currently in LTE, both concatenation and segmentation are done in RLC layer while MAC layer performs multiplexing for different logical channels (including MAC CEs). Putting concatenation at RLC layers results in rather complicated RLC PDU formats. For example, in a RLC PDU, the relevant information for each RLC SDU is indicated. In addition, when an RLC PDU needs to be retransmitted, if the available resource is less compared with original RLC PDU size, re-segmentation is performed in RLC layer, which requires another RLC PDU format. Concatenation in RLC layer also means that no RLC PDU can be generated in advance (i.e. in non-real timer manner). 

One possibility is to move concatenation to MAC layer, i.e. RLC SDUs are concatenated in MAC layer, instead of RLC layer. The benefits are as follows:

· Except for the potentially last segment, all the RLC PDUs can be generated in advance. This simplifies RLC layer operation in the transmitter side.

· RLC PDU format is simplified. There is no need to indicate the frame info or the LI field. Also the segmentation and re-segmentation operation is unified. The reason is that when concatenation is moved down to MAC layer, in RLC layer, the RLC PDU is either an RLC SDU (PDCP PDU), or a segment of RLC SDU. If there is a need to segment a RLC PDU, it simply results in segments of RLC SDU (even if original RLC PDU is a segment of RLC SDU). For example, in Figure 1 below, RLC PDU with SN=0 is a PDU without segmentation, while RLC PDU with SN=1 and 2 are segmented. Suppose for SN=1, segment with SO=400 is not correctly received and retransmission is needed. If the radio resource cannot accommodate the PDU segment, further segmentation is needed (which is called re-segmentation in LTE). In the example, the segment is further segmented into two PDU segments, with SO equal to 400 and 600 respectively. However, all the PDU segments have the same PDU format, which means that the segmentation and re-segmentation operation and format are unified.
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Figure 1: Unified segmentation and re-segmentation
There are some drawbacks. The main drawback is that there is now more RLC PDUs compared with LTE. Consequently, there is more overhead associated with header and status report.

Above user plane option was discussed in email discussion [95#26] as Alternative 1 and 3 in [1]. Alternative 3 is slightly better than Alternative 1 since adjacency of MAC sub-header and RLC header is friendlier for Tx processing.
During email discussion, Alternative 8 was proposed as shown in Figure 2 below. The RLC/MAC transmitter places the headers in the end of the RLC/MAC PDU, respectively. The proponent claims that the headers can be calculated in parallel while the data is forwarded to PHY, and the RLC and MAC headers can be added (and hence forwarded to PHY) towards the end of the transmission of an RLC and MAC PDU respectively.
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Figure 2: Alternative 8 in email discussion [1]
However, Alternative 8 has impacts on both transmitter and receiver. From transmitter perspective, the assumption of parallel processing between PHY and RLC/MAC actually results in cross layer operation and increases implementation complexity. In Alternative 8, both PHY and RLC/MAC work on the same buffer for the MAC PDU (PHY SDU). Some implementation might copy MAC PDU to a separate buffer and performs PHY processing accordingly, and such implementation might not work with Alternative 8. Therefore Alternative 8 restricts the implementation of how PHY layer operates on a PHY SDU in terms of buffer management. Even assuming that PHY and MAC shares the same buffer, Alternative 8 requires that fast PHY operation should be suspended, therefore tight requirement on the synchronized operation between MAC/RLC and PHY is needed, as shown in Figure 3. In the figure, x-axis represent the bit position (with the left most bit denotes the 1st bit to be handled by PHY layer), and y-axis denotes time. Assuming the time PHY starts processing MAC PDU (PHY SDU) as t=0, when MAC/RLC starts to process MAC PDU (e.g. add headers) in bit position b1. If PHY operation is faster compared with MAC/RLC processing (typically many PHY operations are done by dedicated hardware), then eventually PHY processing catches up with MAC/RLC processing at time t1, when both PHY and MAC/RLC are processing bit position b2. At this time, PHY should suspend its current operation otherwise it is working on garbage data in the buffer. This might or might not be possible depending on PHY implementation as many PHY operations are done by hardware. Even if it is possible for PHY to suspend the operation, tight interaction between PHY and MAC/RLC is needed for PHY layer to know when to suspend/resume. In addition, suspend operation in PHY might have other impacts, e.g. additional memory might be needed to store the intermediate results. Another aspect is that some PHY operations can be performed in parallel, e.g. channel encoding can be done in parallel if there are multiple code blocks. However such parallel operation is impacted since PHY SDU is partially filled with correct bits when PHY processing is started. Above discussion on the impact to PHY layer operation is based on general observation. In Annex A, we discuss in detail by investigating LTE coding chain as a reference case, noting that RAN1 code chain for NR is not finalized yet. 
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Figure 3: Tightly synchronized operation between MAC/RLC and PHY in Alternative 8
In summary, Alternative 8 has the following impact from transmitter perspective:
· Restricts the implementation of how PHY layer operates on a PHY SDU in terms of buffer management.
· Requirement on the tight interaction between MAC/RLC and PHY when fast PHY operation should be suspended.

· Parallel PHY transmitter operation is impacted.
Observation 1: Alternative 8 requires tight interaction between MAC/RLC and PHY, and restricts / impacts PHY transmitter implementation.
In addition, from receiver perspective, putting the RLC/MAC headers at the end might impact the receiver processing delay.  
Observation 2: Alternative 8 impacts layer 2 receiver processing delay.
Considering the transmitter and receiver impact of Alternative 8, it is proposed to not consider it further.
Proposal 1: Alternative 8 is not considered in NR user plane discussion.
Considering the above discussion and various tradeoffs, it is proposed to move concatenation to MAC layer.

Proposal 2: Concatenation function is moved to MAC layer.
3      Conclusion
In this contribution, we investigate UP options to ease Tx processing. We have the following observations:
Observation 1: Alternative 8 requires tight interaction between MAC/RLC and PHY, and restricts / impacts PHY transmitter implementation.


 REF Obs_Rx \h 

Observation 2: Alternative 8 impacts layer 2 receiver processing delay.

We propose the following:
Proposal 1: Alternative 8 is not considered in NR user plane discussion.


 REF Proposal_Concat \h 

Proposal 2: Concatenation function is moved to MAC layer.
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Annex A 
LTE coding chain related to discussion of Alternative 8

In this section, we discuss in detail by investigating LTE coding chain as a reference case.

According to section 5.2.2 of TS 36.212 [5], the first steps performed for each transport block in the uplink are:

· Add CRC to the transport block

· Code block segmentation and code block CRC attachment

· Channel coding of data and control information

· Rate matching

· …

We only look at the first three steps to discuss potential PHY implementation aspects. Firstly, the transport block CRC is attached at the end of the transport block, which means that implementation is free to either perform this step as the initial step of PHY coding chain operation (denoted as implementation A), or perform code block segmentation / CRC attachment / channel encoding, in parallel with the transport block CRC attachment operation (denoted as implementation B), except for the last code block which contains the transport block CRC. 

For implementation A, CRC attachment is the 1st step. CRC calculation is typically done by hardware and the speed is generally very fast, therefore it is possible that CRC calculation speed is faster compared with RLC/MAC processing, as in the discussion related to Figure 3.

For implementation B, it is expected that Alternative 8 impacts the parallel processing since as long as there are uninitialized bits (not processed by RLC/MAC) in one code block, corresponding operation on the code block cannot be started.
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