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Discussion and decision
1 Introduction
At 85#meeting, the LI limitation for larger PDCP SDU size was discussed [1]. The throughput is greatly decreased when the PDCP PDU size is a little longer than 2047 bytes.
In this contribution, we firstly discuss whether multiple RLC PDUs can be multiplexed into one MAC PDU per logical channel in LTE. In the second part, we focus on the throughput analysis on the condition that the RLC window is limited based on the PDCP PDU size. It is concluded that the RLC throughput will be greatly impacted by the percentage of the PDCP PDU with larger 2047 size. Finally, several solutions are proposed and compared.
2 Analysis
RLC PDU multiplexing
In the #63bis and #64bis meeting, there were discussions whether multiple RLC PDUs can be multiplexed into one MAC PDU [2],[3]. The conclusion was that “The MAC protocol should be optimized for having only 1 new RLC PDU per logical channel per TB”, but this is only one suggestion on implementation and there is no clear clarification or any limitation in the specification.
Observation1: There was no clarification or limitation about whether multiple new RLC PDUs can be multiplexed into one MAC PDU in protocols in the specification.
There are some cases that multiple RLC PDUs are multiplexed in one MAC PDU:
Case1: One RLC new transmission PDU and RLC status report;
Case2: One RLC new transmission PDU and at least one RLC retransmission PDU;
Case3: multiple RLC retransmission PDUs; 
Case4: At least one RLC retransmission PDU and RLC status report;
Case5: One RLC new transmission PDUs, at least one retransmission PDUs and RLC status report;
Observation2: From the protocol point of view, there will be number of cases that multiple RLC PDUs should be multiplexed into one MAC PDU.
Throughput limitation
As [1] points out, the RLC throughput may be greatly decreased due to the LI limitation and the RLC window size. This contribution analyzes the physical, MAC, RLC and PDCP layers to check which factor is the key limitation on the throughput. All the calculation is based on the assumption that:
a. Overhead is neglected, i.e. no MAC header, RLC header or RLC status report ;
b. All the packets have the same size.
2.1.1 Physical layer

The biggest TB size that the physical layer can transmit is MAX_TB_SIZE = 149776 bits [4] which takes 110 PRBs and highest MCS. In the CA scenario, the maximum number of carriers is five. The total number of TBs which can be transmitted in one TTI is ten if MIMO is taken into consideration, which means up to 187220 bytes per TTI. 
2.1.2 MAC layer
If the overhead is neglected, the MAC TB is the same as the physical TB size.
2.1.3 RLC layer and PDCP layer
2.1.1.1 RLC PDU number - RLC window limitation
The RTT and the RLC window size both are the key factors of the limitation on the RLC SDU number that could be sent per TTI.
RLC_PDU_NUM_PER_TTI_WIN = RLC_WINDOW_SIZE / RLC_RTT_TIME. 
It is 17 when the RLC RTT is 30ms, and 25 when the RTT is 20ms.
2.1.1.2 RLC PDU number - TB size limitation
As the LI in RLC PDU is 13 bits, the PDCP packet size determines the number of PDCP PDUs that one RLC PDU can carry. When the PDCP PDU size is beyond 2048 bytes, there will be only one PDCP PDU in one RLC PDU and the RLC PDU size is the PDCP PDU size. When the packet size is equal or below 2047 bytes, several PDCP PDUs could be concatenated into one RLC PDU. 
The number of RLC PDUs per TTI limited by TB size is:
RLC_PDU_NUM_PER_TTI_TB = 
MAX_TB_NUM * (MAX_TB_SIZE / RLC_PDU_SIZE) 
= 10 * (18722 / RLC_PDU_SIZE) 
a. = 10*floor (18722 / PDCP_PDU_SIZE), when the PDCP PDU size is larger than 2047bytes; 
b. = 10, when the PDCP PDU size is smaller or equal to the 2047bytes.
2.1.1.3 RLC throughput
Under the condition that both RLC RTT time and the TB size are considered, the RLC PDU number transmitted per TTI is limited by:
RLC_PDU_NUM_PER_TTI
= min {RLC_PDU_NUM_PER_TTI_WIN, RLC_PDU_NUM_PER_TTI_TB}
a. when the PDCP PDU size is beyond 2047 bytes, 
RLC_PDU_NUM_PER_TTI = min {RLC_PDU_NUM_PER_TTI_WIN, 10* floor (18722/PDCP_PDU_SIZE)} = RLC_PDU_NUM_PER_TTI_WIN;
The RLC throughput is:
RLC_THROUGHPUT = RLC_PDU_NUM_PER_TTI * RLC_PDU_SIZE = RLC_PDU_NUM_PER_TTI * PDCP_PDU_SIZE;
b. when the PDCP PDU size is smaller or equal to 2047bytes, 
RLC_PDU_NUM_PER_TTI = min {RLC_PDU_NUM_PER_TTI_WIN, 10} = 10;
The RLC throughput is:
RLC_THROUGHPUT = RLC_PDU_NUM_PER_TTI * RLC_PDU_SIZE = 10 * MAX_TB_SIZE;
One conclusion could be drawn from above that:
The RLC throughput is calculated in Table1, Table2,Table3 and Figure1.
Table1. RLC throughput Per TTI – RLC RTT = 30ms
	PDCP_PDU_SIZE(Kbytes)
	2.04 
	2.10 
	4.00 
	5.00 
	6.00 
	7.00 
	8.00 

	10* (18722/PDCP_PDU_SIZE)
	92 
	89 
	47 
	37 
	31 
	27 
	23 

	MAX_TB_NUM
	10 
	10 
	10 
	10 
	10 
	10 
	10 

	RLC_PDU_NUM_PER_TTI_WIN
	17 
	17 
	17 
	17 
	17 
	17 
	17 

	RLC_PDU_NUM_PER_TTI_TB=10* floor(18722 / PDCP_PDU_SIZE)-big PDCP PDU size
10-small PDCP PDU size
	10 
	89 
	47 
	37 
	31 
	27 
	23 

	RLC_PDU_NUM_PER_TTI = min(RLC_PDU_NUM_PER_TTI_WIN, RLC_PDU_NUM_PER_TTI_TB)
	10 
	17 
	17 
	17 
	17 
	17 
	17 

	RLC_PDU_SIZE
	18.72 
	2.10 
	4.00 
	5.00 
	6.00 
	7.00 
	8.00 

	RLC RTT = 30ms
	1.50 
	0.29 
	0.54 
	0.68 
	0.82 
	0.95 
	1.09 


Table2. RLC throughput Per TTI – RLC RTT = 20ms
	PDCP_PDU_SIZE(Kbytes)
	2.04 
	2.10 
	4.00 
	5.00 
	6.00 
	7.00 
	8.00 

	10* (18722/PDCP_PDU_SIZE)
	92 
	89 
	47 
	37 
	31 
	27 
	23 

	MAX_TB_NUM
	10 
	10 
	10 
	10 
	10 
	10 
	10 

	RLC_PDU_NUM_PER_TTI_WIN
	20 
	25 
	25 
	25 
	25 
	25 
	25 

	RLC_PDU_NUM_PER_TTI_TB=10* floor(18722 / PDCP_PDU_SIZE)-big PDCP PDU size
10-small PDCP PDU size
	10 
	89 
	47 
	37 
	31 
	27 
	23 

	RLC_PDU_NUM_PER_TTI = min(RLC_PDU_NUM_PER_TTI_WIN, RLC_PDU_NUM_PER_TTI_TB)
	10 
	25 
	25 
	25 
	25 
	25 
	23 

	RLC_PDU_SIZE
	18.72 
	2.10 
	4.00 
	5.00 
	6.00 
	7.00 
	8.00 

	RLC RTT = 20ms
	1.50 
	0.42 
	0.80 
	1.00 
	1.20 
	1.40 
	1.50 


Table3. RLC throughput Per TTI – No RLC PDU multiplexing into one MAC PDU per logical channel Per TB
	PDCP_PDU_SIZE
	2.04 
	2.10 
	4.00 
	5.00 
	6.00 
	7.00 
	8.00 

	PDCP_PDU_SIZE(Kbytes)
	2.04 
	2.10 
	4.00 
	5.00 
	6.00 
	7.00 
	8.00 

	RLC_PDU_NUM_PER_TTI  per logical channel per TB
	1 
	1 
	1 
	1 
	1 
	1 
	1 

	RLC_PDU_NUM_PER_TTI = 1
	10 
	10 
	10 
	10 
	10 
	10 
	10 

	RLC_PDU_SIZE
	18.72 
	2.10 
	4.00 
	5.00 
	6.00 
	7.00 
	8.00 

	NO multiplexing
	1.50 
	0.17 
	0.32 
	0.40 
	0.48 
	0.56 
	0.64 
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The throughput is sharply decreased when only one RLC PDU could be multiplexed into one MAC PDU per logical channel per TB when PDCP PDU size is beyond 2047bytes. It is almost one-third compared to the RLC RTT = 20ms. When the multiplexing is used, the throughput is still limited to the PDCP PDU size, especially when the PDCP PDU size is a little more than 2047bytes.
Obsevation3: The RLC Throughput will be sharply decreased when no RLC PDU multiplexing is used.

From observation1, observation2 and, we could conclude that there is no clear clarification for the limitation of the RLC PDUs to be multiplexed into one MAC PDU of one logical channel and The RLC Throughput will be sharply decreased when no RLC PDU multiplexing is used.
Proposal 1: Clarify that Multiple RLC PDUs in same logical channel, i.e. multiple new RLC PDUs, multiple retransmitted RLC PDUs, and multiple new RLC PDUs together with multiple retransmitted RLC PDUs, may be included into one MAC PDU.
Observation 4: when multiple RLC PDUs for the same logical channel are multiplexed into one MAC PDU, the RLC throughput is still limited by the RLC window size.
3 Solutions
There are two possible solutions to address the longer PDCP SDU size:
1. Usage of the extended LI is configured by RRC signalling and. RLC in the UE uses the extended RLC LI for each RLC PDU and each RLC SDU.
2. The extended RLC LI is only used for RLC PDUs including longer RLC SDUs. The RLC LI length could be preconfigured and LI = 0 (which has no meaning in RLC PDU) could be used as the indication that the length of following LIs is 13bits. 
3. The window size could be extended to 4096.
Table4. Solutions comparison
	Solutions
	Solution1
	Solution2
	Solution3

	36.322 impact
	Change the RLC AMD PDU and RLC AMD PDU segment format
	Change the RLC AMD PDU and RLC AMD PDU segment format
	Change constant AM_Window_Size value

	36.331 impact 
	IE RLC-config 
	NO change
	IE RLC-config

	Flexibility
	Low
	High
	High

	Reliability
	High
	High
	High

	Overhead
	High, 
Extended LI is used for each RLC SDU in each RLC PDU
	Low
Extended LI is only used when necessary.
	Low
All the scheme will be unchanged


Solution 2 has higher flexibility and has better network traffic adaption performance.
Proposal 2:  Select a solution to be included in Rel-12.
4 Conclusion
In this paper, we discuss the issues and solutions on longer PDCP SDU size issue, and have the following observations and proposal:
Observation1: There was no clarification or limitation about whether multiple new RLC PDUs can be multiplexed into one MAC PDU in protocols in the specification.
Observation2: From the protocol point of view, there will be number of cases that multiple RLC PDUs should be multiplexed into one MAC PDU.
Obsevation3: The RLC Throughput will be sharply decreased when no RLC PDU multiplexing is used.
Proposal 1: Clarify that Multiple RLC PDUs in same logical channel, i.e. multiple new RLC PDUs, multiple retransmitted RLC PDUs, and multiple new RLC PDUs together with multiple retransmitted RLC PDUs, may be included into one MAC PDU.
If the proposal is agreed, a CR will be provided.
Proposal 2:  Select a solution to be included in Rel-12.
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