3GPP TSG-RAN2 Meeting #97bis
R2-1702609
Spokane, USA, 3rd – 7th April 2017
Agenda item:
10.3.2.3
Source: 
Huawei, HiSilicon

Title: 
RLC PDU Format
Document for:
Discussion and Decision
1   Introduction
Last RAN2 meetings made the following agreements regarding segmentation and concatenation functions in RLC layer. 
Agreements at RAN2#97
· NR RLC supports three transmission modes, i.e., AM, UM and TM
· Split bearers support RLC UM mode besides RLC AM mode
Agreements at RAN2#Ad hoc
· Working assumption on no RLC concatenation taken at RAN2#96 is confirmed (i.e. concatenation of RLC PDUs is performed in MAC)
· PDCP and RLC layers have separate PDCP SN and RLC SN
Agreements at RAN2#95bis
· 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

The above RLC related agreements are finally captured in the RAN2 TR as follows [1]. 
· Segmentation and re-segmentation are based on SO.
· Concatenation is performed for RLC PDUs in MAC, i.e. no concatenation in RLC.

In this contribution, we further discuss the RLC PDU formats and their associated parameters. Note that the companion paper on segmentation function could be found in [2]. 
2   Discussion
As captured above, the NR supports three AM, TM and UM modes. Below analyzes the RLC PDU format for each mode respectively. 
2.1
PDU Format for TM
For TM mode, similar to the design in LTE, one TM RLC entity could be configured to transmit or receive BCCH, CCCH and PCCH etc. And the TM RLC entity does not segment RLC SDUs, or include any RLC headers in its TM data PDUs. 
Proposal 1: For TM mode, the TM data PDU consists of only a Data field without any RLC headers.
2.2
PDU Format for AM and UM
For UM and AM mode, in LTE, the RLC PDU header may include an extension part in case of more than one Data field. For NR, as there is no concatenation in RLC, each RLC PDU header could consist of only the fixed part, and each RLC PDU consists of only one data field. Specifically,  
· the data field in RLC PDU corresponds to one RLC SDU when segmentation request is not received from the MAC;
· the data field in RLC PDU corresponds to a portion of a single RLC SDU, i.e. RLC SDU segment, when (re)segmentation request is received.  
One example of (re)segmentation is given in Fig. 1, where the RLC SDU X is segmented into two RLC SDU segments and the first RLC SDU segment is re-segmented to two segments again for retransmission. For RLC SDU X+1, no segmentation is needed.  
Proposal 2: For AM and UM mode, each RLC PDU header consists of only one fixed part, and each RLC PDU consists of only one data field corresponding to one RLC SDU or one RLC SDU segment.    
It is agreed that segmentation and re-segmentation (only for AM mode) are based on Segment Offset (SO). Each time the RLC SDU is segmented or re-segmented, the SO may indicate the position of the SDU segment within the original complete RLC SDU. As observed from Fig.1, RLC PDUs with segmentation and RLC PDUs with re-segmentation operation could be expressed in the same format. The details are given as follows. 
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Fig. 1 Segmentation and re-segmentation in RLC 
Generally, there are two options of RLC formats for UM/AM data PDUs [3-6].  
· Option 1: SI and LSF-based
In this option, the one bit segmentation indicator (SI) is included in all RLC headers to indicate whether the RLC PDU includes a complete RLC SDU or a RLC SDU segment. For the latter case, the Last Segmentation Flag (LSF) is included to indicate whether the RLC PDU includes the last RLC SDU segment. 
One example is given in Fig. 2, where the RLC SDU0 is segmented to two RLC SDU segments[3]. It can be observed that there are two RLC formats: one for complete RLC SDU, one for SDU segment. The SO field is always included in the header whenever the (re)segmentation is needed. Particularly for the first SDU segment, the SO is included with value 0. Otherwise, it may require another RLC format.  
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Fig. 2 SI and LSF-based PDU format
· Option 2: FI-based
In this option, similar to LTE, the FI is used to indicate whether the RLC PDU includes a complete RLC SDU or a SDU segment. The FI field interpretation could reuse LTE design given in Table 1. For the SDU segment case, it could indicate whether it is the first segment, the middle segment or the last segment, or the complete RLC SDU. Fig.3 gives an example, where the RLC SDU X is segmented to two RLC SDU segments. 
Compared to option 1, the SO filed is not needed for the first SDU segment in option2. That is, when FI = 10 or FI = 11, the SO is included in the RLC header. Note that it was proposed in [5] that the Segmentation Control (SC) field given in Table 2 could be used. In fact it works the same as FI field, and there is no real difference in between.  
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Fig. 3 FI-based PDU format
Based on the above analysis, clearly option 2 has lower overhead. Further, after receiving MAC request, option 1 may require to append additional SO field on top of RLC pre-processed RLC PDUs for the first SDU segment, which may deteriorate the pre-processing performance.  Hence option 2 is proposed for RLC AM/UM PDU format. 
Proposal 3: The FI-based RLC format is used for RLC AM/UM PDU format.
Table 1: FI field interpretation
	Value
	Description

	00
	First byte of the Data field corresponds to the first byte of a RLC SDU.

Last byte of the Data field corresponds to the last byte of a RLC SDU.

	01
	First byte of the Data field corresponds to the first byte of a RLC SDU.

Last byte of the Data field does not correspond to the last byte of a RLC SDU.

	10
	First byte of the Data field does not correspond to the first byte of a RLC SDU.

Last byte of the Data field corresponds to the last byte of a RLC SDU.

	11
	First byte of the Data field does not correspond to the first byte of a RLC SDU.

Last byte of the Data field does not correspond to the last byte of a RLC SDU.


Table 2: Segmentation Control interpretation in [4]
	Value
	Description

	00
	A complete RLC PDU

	01
	First segment of an RLC PDU

	10
	Last segment of an RLC PDU

	11
	Middle segment of an RLC PDU


The example of RLC AM PDU and UM PDU format are given in Fig.3 and Fig.4 respectively. As the LI field would be generated and indicated in MAC subheader for each RLC PDU, there is no need to include LI field in the RLC header. 
Proposal 4: There is no length indicator  in the RLC data PDU for AM and UM mode, i.e. LI field is not needed.
Further, for RLC AM, the D/C field is needed to indicate the RLC data PDU or RLC control PDU. And the Polling bit (P) is needed to request a STATUS report from its peer entity. 
Proposal 5: The D/C field and P field are included in the RLC data PDU for AM mode.
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Fig. 3a  PDU format without SO for AM
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 Fig. 3b  PDU format with SO for AM
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 Fig. 4b  PDU format with SO for UM


3   Conclusion
By analysing RLC PDU formats for UM, TM and AM modes, we made the following proposals:
Proposal 1: For TM mode, the TM data PDU consists of only a Data field without any RLC headers.
Proposal 2: For AM and UM mode, each RLC PDU header consists of only one fixed part, and each RLC PDU consists of only one data field corresponding to one RLC SDU or one RLC SDU segment.    
Proposal 3: The FI-based RLC format is used for RLC AM/UM PDU format.

Proposal 4: There is no length indicator  in the RLC data PDU for AM and UM mode, i.e. LI field is not needed.
Proposal 5: The D/C field and P field are included in the RLC data PDU for AM mode.
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