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1 Introduction
In RAN#95BIS, the question of moving the concatenation functionality in the (LTE) RLC layer to the MAC layer for NR was extensively discussed, ultimately culminating in two “Way Forward” documents [1] [2]. While no consensus on the placement of concatenation function itself emerged, several agreements about the nature of RLC layer in NR were reached.

· The ARQ will be supported in RLC. RLC adds an RLC SN
· In NR, the segmentation function is only placed in the RLC layer as in LTE.
· SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (Does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.

In addition RAN2 also took some decisions on how to proceed further in specifying user plane aspects for NR.

· RAN2 aim to make a final decision at the next meeting.
· Proponents of solutions to next meeting must identify the what issues (e.g. easing implementation aspects, overhead, etc.) are being addressed by their proposals.
· RAN2 should consider processing at both the transmitter and receiver endpoints when evaluating whether to divert from the LTE baseline.


Accordingly, in this document we begin with a discussion of transmitter and receiver considerations for the RLC layer. We then provide a description of our proposal for the RLC layer and provide some comparison with other proposed schemes. 
2 Processing considerations at the RLC layer
There appears to be an emerging consensus that the LTE RLC layer is inadequate for handling the performance desired from NR. The eMBB usage scenarios [3] targets DL (UL) data rates of 20Gbps (10 Gbps) and user plane latency of 4ms, severely limiting the amount of time available for both transmit and receive processing. These performance requirements are exacerbated by the likely adoption of shorter TTI, and will impose a significant burden on UE processing power, memory bandwidth, and power consumption. 
In LTE, an RLC PDU can be constructed only after the UE received an uplink grant from the eNB and the result of the MAC layer LCP calculation is known. At that point, the UE concatenates and/or segments a sufficient number of PDCP PDUs to construct a single variable length RLC PDU, with a variable length RLC header. If this mechanism were to be applied to NR, then supporting 10Gbps UL data rate with 1500 byte sized PDCP PDU, and scheduling grants every 1ms, would require the UE to concatenate approximately 833 PDCP PDUs, creating a header with approximately 833 LI (length indicator) fields every 1ms. 
Observation 1: From a transmit processing perspective, it is desirable to have the ability to pre-construct RLC headers/sub-headers without any dependence on the uplink grant process.
Another key challenge with using LTE RLC for NR lies in the fact that the RLC header has variable length, depending on the number of PDCP PDUs and/or PDU segments that are packed in the RLC PDU. The RLC header uses the Extension bit (E) field to indicate if succeeding bits represent data or a set of E and LI fields. As a consequence the LTE receiver has to parse the LTE RLC header in serial fashion to process the RLC PDU. The use of variable length header structure and E bits is not suitable for hardware acceleration and parallel processing.
Observation 2: From a receive processing perspective, it is desirable to employ fixed length RLC headers and a RLC header structure that is amenable for parallel processing. 
3 NR RLC design
In this section, we describe our proposed alternative for the NR RLC layer based on previous RAN2 agreements and observations in the previous section. 
For simplicity, we describe first the case when the NR transmitter does not perform any segmentation (we deal with those aspects later). Our proposed scheme consists of two enhancements. The first enhancement is to concatenate and/or segment sufficient number of PDCP PDUs to construct an RLC PDU of a size approximating some configurable pre-fixed length. An illustration of the pre-concatenation approach is provided in Figure 1. Here, the gNB configures the RLC PDU payload to be of length L. Alternately, the UE could decide the value of L to use. A variable length RLC header is then pre-constructed, based on the number of PDCP PDUs and/or PDCP PDU segments in the corresponding RLC PDU. Occasionally, the UE may not have sufficient data to form full length RLC PDUs; in this case the UE constructs RLC PDUs that may be shorter than L.

		
Figure 1: NR RLC PDU construction
The second key enhancement in our proposal is related to the RLC header structure. As shown in Figure 1, the RLC header consists of a fixed part and a variable part. The fixed part indicates the RLC SN, framing info (FI), and the number of PDCP PDUs and/or PDCP PDU segments that are part of the RLC PDU (denoted by NP in Figure 1). The variable part consists of length information (LI) for each constituent PDCP PDU and/or PDCP PDU segment. Note that the NR receiver can determine the number of PDCP PDU (or segments) that are part of the RLC PDU by processing the fixed (and constant length) part of the RLC header. The variable part of the header consists of several sub-headers and in general can be of different length in different RLC PDUs. However note that the size of each sub-header is constant.
Based on the size of the uplink grant and LCP procedure, segmentation of pre-constructed RLC PDUs may be required. In that case, additional SO and LSF fields needs to be added, but without changing the RLC SN as suggested in [4]. We note that, unlike in [4], the FI field is still needed because an RLC PDU can contains bits from different PDCP PDUs. 
There are several questions about how the length of the RLC PDU payload (L) is chosen, as follows:
· Who selects the length? UE or gNB
· How often can the configured value change?
· How is the length value changed? RRC messaging, MAC CE, PDCCH
· How is a change in the value L effected? Immediately, or after some modification period etc.

For example, [5] suggests that the length be chosen by the UE based on the UL scheduling grant history. [6] suggests that the value of L can be chosen by either the eNB or the UE, and can depend on several parameters (radio conditions, system load, and service characteristics). 
Observation 3: There are several possibilities for how the pre-constructed RLC PDU length can be chosen.
4 Comparison
In this section, we compare our proposal RLC design of pre-concatenation (PC) with the alternative of moving RLC layer concatenation to the MAC layer (CM). For brevity, we refer to the former scheme as PC, and the latter scheme as CM. We also compare these schemes with the LTE baseline. As decided in RAN2#95BIS meeting, we discuss both implementation aspects (from transmit and receive processing points of view) and overhead.
4.1 Implementation considerations
In Table 1, we compare some implementation aspects of PC, CM, and LTE.
	Implementation considerations
	Pre-concatenation with configurable RLC PDU of length L
	Concatenation at MAC layer
	LTE baseline

	Permits pre-construction of RLC headers
	Yes
	Yes
	No

	Employs fixed length headers
	Yes (but variable number of headers per RLC PDU)
	Yes
	No

	ARQ processing granularity
	Per RLC PDU
	Per PDCP PDU (IP packet)
	Per RLC PDU

	Dependence of RLC SN size on L1 rate
	No (for suitable choice of RLC payload length)
	Yes
	No

	RLC + MAC overhead per TTI (See Table 2 for details)
	
	
	

	Spectral efficiency
	Moderate
	Moderate
	High
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Pre-construction of RLC headers: We observe that unlike the LTE baseline, both PC and CM allow the use of pre-constructed RLC PDUs. As Observation 1 notes, this feature is the principal advantage of deviating from the LTE baseline to reduce Tx processing burden. 
Use of fixed length headers: Both PC and CM employ fixed length headers/sub-headers. As Observation 2 notes, such a header design allows for hardware acceleration of Rx processing, which is currently challenging with LTE baseline. In the case of PC, a variable number of fixed length RLC sub-headers is needed (one per PDCP PDU/PDU segment in the RLC PDU), but the use of the NP field (see Figure 1) makes is easy for the Rx to identify the number of PDCP fragments, enabling simultaneous processing. 
ARQ processing: With CM, ARQ needs to be performed at the granularity of PDCP PDUs (IP packet). Using shorter packets reduces retransmission burden, but results in increased ARQ processing overhead (including transmission of RLC status PDUs). Since the PC mechanism allows the gNB to vary the size of RLC PDU, it allows for greater flexibility in managing ARQ overhead.
RLC SN size dimensioning: The RLC SN space has to be large enough to prevent transmission stalling and avoid SN ambiguity at the receiver. The RLC SN size required for a combination of L1 date rate, RTT (including both HARQ and ARQ retransmissions) and RLC PDU length size (assuming the SN space is twice as large as the RLC window size) is given by. Unlike CM, both LTE and PC allow the RLC PDU size to scale with L1 rate, allowing the ratio  (and hence the RLC SN size) to be independent of L1 rate.
Spectral efficiency: The LTE baseline allows for maximum flexibility of the eNB scheduler since the RLC layer can accommodate any grant size. With PC, there could be some loss of efficiency if the pre-constructed RLC PDU needs to be segmented. Also the header of the pre-constructed RLC PDU cannot be segmented. However, these appear to be rather minor inefficiencies.
4.2 Overhead analysis
In this section we consider the impact on overhead of different concatenation schemes as a function of system parameters. In Table 2, we consider the RLC and MAC layer overhead of PC, CM, and LTE. In this analysis, we ignore the role of PDCP layer since the PDCP overhead is assumed to be the same for all scheme.
	System parameters:
Rate (R), Length of PDCP PDU (P) length of TTI (TTI)
	Pre-concatenation with configurable RLC PDU of length L
	Concatenation at MAC layer
	LTE baseline

	RLC overhead per TTI
	
	
	

	MAC overhead per TTI
	3
	
	3

	Net overhead per TTI
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For PC, there are approximately L/P PDCP PDUs per PDPC RPDU requiring L/P-1 LI fields per RLC PDU. We assume an additional fixed header of 3 bytes per RLC PDU (which includes SN, FI, and NP fields), and a MAC header of 3 bytes (containing LCID and LI fields) per RLC entity. For CM, we assume a 3 byte header is added per PDCP PDU at both RLC and MAC layers. We note that this analysis is simplified, ignoring segmentation altogether.
In Figure 2, we plot the overhead ratio, defined as percentage of header overhead with respect to data, for PC, CM, and LTE baseline, as a function of the RLC PDU payload size L, for a data rate of 10 Gbps.

[bookmark: _Ref465965695]Figure 2: Overhead ratio for different values of RLC PDU size
As expected, at the high data rates at which eMBB is supposed to operate, header overhead is likely to be a small fraction of data transmitted, and in general, less of a concern than protocol related processing. Also, not surprisingly, the overhead of PC tends to be the same as LTE baseline for higher levels of aggregation.
Observation 4: At high data rates, the overhead of RLC + MAC is negligible for any of the schemes considered. 
However, it is important to point out that the RLC architecture being developed for NR should be scalable for all scenarios of interest, not just the eMBB scenario. We note that the overhead ratio can be significant for shorter packet sizes, with the overhead in CM being more significant. 
With that in mind, in Figure 3 , we compare the overhead associated with PC, LTE, and CM as a function of PDCP PDU packet size, for a data rate of 10 Mbps. 
Observation 5: With smaller packet sizes, the overhead associated with CM can be significant even at relatively low data rates.
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Based on the analysis presented in this contribution, we believe that the pre-concatenation scheme is implementation friendly (from both Tx and Rx viewpoints), and also affords more flexibility and reduced overhead compared to moving concatenation to MAC. 
Proposal 1: Pre-concatenation be adopted for NR RLC.
If Proposal 1 is agreeable, then we believe that the RLC header structure presented in Section 3 should be adopted.
Proposal 2: The RLC header for NR should be enhanced to include fields for FI and number of PDCP PDUs/PDU segments contained in the RLC SDU. 
It may be possible to streamline MAC and RLC procedures (e.g., LCP and BSR) to accommodate fixed length RLC PDUs. 
Proposal 3: User plane procedures for MAC and RLC can be optimized for pre-concatenation based RLC processing.
5 Conclusions
In this contribution, we discussed the issue of concatenation at the RLC layer for NR UP. Our observations and proposals are summarized below.
Observation 1: From a transmit processing perspective, it is desirable to have the ability to pre-construct RLC headers/sub-headers without any dependence on the uplink grant process.
Observation 2: From a receive processing perspective, it is desirable to employ fixed length RLC headers and a RLC header structure that is amenable for parallel processing. 
Observation 3: There are several possibilities for how the pre-constructed RLC PDU length can be chosen.
Observation 4: At high data rates, the overhead of RLC + MAC is negligible for any of the schemes considered.
Observation 5: With smaller packet sizes, the overhead associated with CM can be significant even at relatively low data rates. 
Proposal 1: Pre-concatenation be adopted for NR RLC.
Proposal 2: The RLC header for NR should be enhanced to include fields for FI and number of PDCP PDUs/PDU segments contained in the RLC SDU. 
Proposal 3: User plane procedures for MAC and RLC can be optimized for pre-concatenation based RLC processing.
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Overhead comparison for different configured L

PC	1	80	834	0.8	0.1344064748201439	0.13365307753796962	LTE	1	80	834	0.66666666666666663	0.13365307753796962	0.13365307753796962	CM	1	80	834	1.2	0.4	0.4	L/P, (P is assumed to 1500 Bytes)
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Overhead comparison for different PDCP PDU size (P)

PC	50	100	500	8	4.5	0.8	LTE	50	100	500	6.666666666666667	4	0.66666666666666663	CM	50	100	500	12	6	1.2	P (Bytes)
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