3GPP TSG-RAN WG2 Meeting #95bis
R2-166475
Kaohsiung, Taiwan, 10 - 14 October 2016

Agenda item:
9.2.1.1
Source:
Samsung

Title:
Concatenation for NR
Document for:
Discussion & Decision
1 Introduction

In RAN2#95, there has been a discussion of moving RLC concatenation to MAC layer in order to combine the physical operations of RLC concatenation and MAC multiplexing. RAN2 agreed that the impacts at RLC compared to concatenation at MAC should be investigated in view of real-time processing and header overhead. In this contribution, these impacts are discussed and analysed.
2 Discussion
In LTE, the multiplexing principle makes it possible to efficiently utilize the resource by physically concatenating packets into a transmission unit. However, such a procedure in LTE is actually implemented two times by concatenating RLC SDUs from one logical channel into one RLC PDU in RLC layer and by multiplexing RLC PDUs from different logical channels into one MAC PDU in MAC layer. In this way, MAC PDU carries the information about the same data field in both RLC and MAC (sub-)headers. 
Observation 1. LTE UP stack has similar functions located in different layers, i.e. concatenation in RLC layer and multiplexing in MAC layer.
In addition to this, the RLC concatenation requires input from MAC layer scheduling, i.e. it needs to interact with MAC to construct RLC PDU for each UL grant. After receiving scheduling decision (uplink grant size) and LCP procedure in MAC layer, the RLC concatenation can be performed and should be done within one scheduling cycle. This implies that neither RLC nor MAC layer can do any pre-processing before the grant information. It is hence subject to strict real time processing requirements, especially in the UE side. 
Observation 2. LTE UP stack does not allow the pre-processing procedure of RLC and MAC layer.
As NR is targeting for very high data rate and low latency [1], the processing time available for both transmitter and receiver may be very limited compared with the amount of data for transmission. It is hence important that L2 protocol functions in NR should be simplified and processing-power-friendly designed. In this respect, removing RLC concatenation has some advantages as follows:

1. Simplify the L2 protocol functionality by removing the duplicated procedure, i.e. MAC multiplexing can replace RLC concatenation.
2. Enable the pre-processing procedure of both RLC and MAC layer.

3. Reduce the processing time by applying the fixed-size header. 

The main drawback of this approach is that there will be more RLC PDUs compared with those of LTE, which results in more overhead associated with (sub-)headers. 
To investigate the above, we analyse the impacts at RLC compared to concatenation at MAC in view of real-time processing and header overhead in the following sub-sections.
2.1  Pre-processing of RLC PDU
In NR, the L2 UP stack is required to handle many Gbps stream, which is challenging for real-time processing. As mentioned in the previous section, one way to reduce the real-time processing load is to remove concatenation function from RLC layer in order to enable pre-concatenation. For instance, if we assume that the downlink data rate is 20Gbps, the TTI length is 1ms, the size of all the PDCP SDUs is 1500byte, and the size of header is ignored, then the data bits transmitted in one TTI would be 20Gbits/1000 = 20Mbits and the number of PDCP SDUs transmitted in one TTI should be 20Mbits/(1500x8) = 1666.6. This means that we need to concatenate at least 1666 RLC SDUs into one RLC PDU within each TTI, which seems very tough. In this case, pre-processing would be helpful. To further investigate the related impacts, the comparison between L2 UP stack with RLC concatenation and L2 UP stack without RLC concatenation can be done as follows:
	Layer
	Processing

Type
	L2 UP stack with

RLC concatenation
	Layer
	Processing

Type
	L2 UP stack without

RLC concatenation

	PDCP
	Non-

real-time
	PDCP SDUs arrives

Generate PDCP PDU headers

Cipher PDCP SDUs

Construct PDCP PDUs

Send PDCP PDUs to RLC layer
	PDCP
	Non-

real-time
	PDCP SDUs arrives

Generate PDCP PDU headers

Cipher PDCP SDUs

Construct PDCP PDUs

Send PDCP PDUs to RLC layer

	RLC
	Non-

real-time
	Buffer PDCP PDUs
	RLC
	Non-

real-time
	Generate RLC PDU headers

Construct RLC PDUs

Send RLC PDUs to MAC layer

	
	The uplink grant is allocated and LCP procedure is performed
	MAC
	Non-

real-time
	Generate MAC sub-headers

Buffer the above

	
	Real-time
	Concatenate PDCP PDUs in the data field

Generate one RLC header

Construct one RLC PDU

Send one RLC PDU to MAC layer
	
	The uplink grant is allocated and LCP procedure is performed

	MAC
	Real-time
	Concatenate MAC SDUs 

Generate MAC sub-headers

Construct MAC PDU

Transmit one MAC PDU
	
	Real-time
	Concatenate MAC SDUs 

Construct MAC PDU

Transmit one MAC PDU


Table 1.  Procedures for two different L2 UP stacks
In Table 1, we can see that L2 UP stack without RLC concatenation reduces the real-time processing load by pre-processing RLC PDUs, MAC SDUs, and MAC sub-headers in both RLC layer and MAC layer. Hence, it can save the processing time required to generate MAC PDU. One may argue that packets subject to segmentation need further encoding in the RLC header and MAC sub-header like a length indicator, which causes another processing overhead. However, such processing overhead caused by RLC/MAC header revision is proportional to the number of segments and is expected to be small at high throughput due to the large payloads expected. Moreover, all the RLC PDUs, MAC SDUs, and MAC sub-headers except for the potentially last segment can be generated in advance, which simplifies RLC layer operation and gets pre-processing gain. 
Observation 3. Removing RLC concatenation enables the pre-processing procedure of both RLC and MAC layer.
2.2  Fixed-size header
In LTE, the size of RLC header is a function of the uplink grant, i.e. RLC layer concatenates RLC SDUs into one RLC PDU according to the allocated resource from LCP procedure after receiving the uplink grant. Since the uplink grant depends on variable radio condition, the size of RLC header is also variable. On the other hand, as shown in Table 1, L2 UP stack without RLC concatenation makes it possible to have the fixed-size header due to the nature of pre-processing, which has some benefits in both transmitter side and receiver side, i.e. the fast pre-processing in the transmitter side and the fast parsing in the receiver side are possible because the fixed-size header causes the repetition of the same work by hardware acceleration [2]. In this respect, L2 UP stack without RLC concatenation can have additional processing gain.  
Observation 4. Removing RLC concatenation can reduce the processing time by applying the fixed-size header. 

2.3  Layer 2 overhead

As mentioned in the above, if we remove RLC concatenation, the main drawback may be the overhead associated with (sub-)headers since the number of RLC PDUs is much larger than that of LTE. In this sub-section, we investigate whether the overhead is really significant or not. Suppose that the downlink data rate is 10Gbps, the TTI length is 0.1ms, the size of all the PDCP SDUs is 1500byte, and one MAC PDU is transmitted per TTI. Then, the data bits transmitted in one TTI would be 10Gbits/10000 = 1Mbits and the number of PDCP SDUs transmitted in one TTI should be 1Mbits/(1500*8) = 83.3 (For simplicity, the size of header is ignored). In this case, the header overhead can be analysed as follows:
	Layer
	Header size 

(L2 UP stack with RLC concatenation)
	Header size

(L2 UP stack without RLC concatenation)

	PDCP 
	83.3x3bytes = 249.9bytes
	83.3x3bytes = 249.9bytes

	RLC
	One fixed-size RLC header(3bytes) + 83 LI (Length Indicator)

= 3byte + 83x2byte = 169bytes
	84 fixed-size RLC headers = 84x3byte = 252bytes

	MAC
	One MAC header(3bytes) = 3bytes
	84 fixed-size MAC headers = 84x3byte = 252bytes

	Total
	421.9bytes
	753.9bytes

	Overhead
	421.9bytes/(1500x83.3)bytes = 0.00337 -> 0.337% 
	753.9bytes/(1500x83.3)bytes = 0.00603 -> 0.603%


Table 2. Overhead for two different L2 UP stacks
As expected, the total size of headers of L2 UP stack without RLC concatenation is larger than that of L2 UP stack with RLC concatenation, i.e. by about 1.78 (753.9/421.9) times. However, the increased overhead is only 0.266% (0.603% - 0.337%), which seems not critical.
Observation 5. The header overhead resulted from the removal of RLC concatenation seems not critical. 

For the above reasons, the benefit of removing RLC concatenation outweighs the drawback of it. Therefore, it is proposed to agree on the principle of not applying RLC concatenation for NR UP protocol stack.
Proposal 1. RLC concatenation can be removed for NR UP protocol stack. 

3 Conclusion

In this contribution, we provide our view on the concatenation function in RLC layer and ask RAN2 to discuss the following proposal:
Proposal 1. RLC concatenation can be removed for NR UP protocol stack. 
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