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Discussion and Decision
1      Introduction
In RAN2#97bis meeting, maximum PDCP SDU size was discussed based on [1], and following was agreed.
Agreements on jumbo frames:

-
NR should support jumbo frame (9KB) 

-
FFS NR UE can support super jumbo frame (65KB) and is optional. 

In this contribution, we discuss whether UE can support super jumbo frames (65KB).
2      Discussion
Typically TCP/IP header sizes are 40 bytes. For jumbo frame (9KB), the header overhead is 40/9000=0.44%. It can be seen that the header overhead is already very low for jumbo frames. The gain from further reduction of the header overhead by using super jumbo frames is rather limited.
Observation 1: Overhead reduction gain of supporting super jumbo frame is very limited.
It should be noted that super jumbo frame can only be used if all the devices in the end-to-end path support it. Given that super jumbo frame is not widely supported in the network devices (e.g. routers) which are outside of 3GPP scope, there is limited benefit to support super jumbo frame in NR alone.

Observation 2: The possibility to use super jumbo frame is very low.
One particular issue for super jumbo frame is the impact on receiver. Given the large SDU size (65KB), it is highly likely that the PDCP PDUs are segmented in RLC layer. For receiver, RAN2 agreed that RLC receiver performs reassembly and then delivers complete RLC SDUs to the PDCP layer. Since out-of-order deciphering of SDU segments is not supported, the receiver can only perform deciphering on a complete PDCP PDU. There are significant latency and/or processing issues if super jumbo frames are supported, as analyzed below.
Since out-of-order deciphering for RLC SDU segment is not supported, deciphering can only be performed once all the segments for a PDU is received. There is an issue that deciphering capability is not fully utilized, which results in additional impact on latency and/or processing requirements. An example is given in Figure 1 below. It is assumed that subframe length is 1 ms (this is only used to denote the time for convenience). It is assumed that one PDCP PDU with the size of super jumbo frame is segmented into 3 parts in RLC layer, i.e. the transport block size is around 65000/3=21666 bytes. It is also assumed that every segment is received correctly. In Figure 1(A), we consider the case of jumbo frame. With the same transport block size (21666 bytes), there could be around 21666/9000=2.4 full PDCP PDUs with the size of jumbo frame within the transport block. Roughly at the time t = 4 ms (can be less than 4 ms if pipeline receiver operation is assumed), the complete PDCP PDUs with SN#1 to 7 (roughly corresponding to PDCP SN #1 for super jumbo frame) is deciphered and can be delivered to higher layer. In Figure 1(B), for super jumbo frame, deciphering of PDCP PDU with SN#1 can only starts at time t = 3 ms. Assuming the same deciphering rate, the complete PDCP PDU with SN#1 can only be deciphered and delivered to higher layer at time t = 6 ms. Therefore, the user plane latency for super jumbo frame is 2 TTIs larger than that of jumbo frame. In general, if there are n segments (if segment size is larger than jumbo frame), the user plane latency for super jumbo frame is n-1 TTIs larger than that of jumbo frame. To achieve similar user plane latency, the deciphering capability should be increased to n times for super jumbo frame. This is shown in Figure 1(C), where 3x peak rate deciphering capability is assumed. At the time t = 4 ms, the complete PDCP PDU with SN#1 is deciphered. Note that in this approach, deciphering capability is not fully utilized, e.g. deciphering hardware is idle during time period [4, 6] ms.
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Figure 1: Deciphering processing
Above discussion assumes that all segments are received correctly. If there is HARQ retransmission, the problem is more severe. Note that initial HARQ BLER is typically set to 10%, which means that HARQ retransmission is not rare. As shown in Figure 2 below. Similar to Figure 1, PDCP SN number and segments are shown assuming super jumbo frame, and one segment corresponds to 2.4 full PDCP PDUs when jumbo frames are used. Segment#3 of PDCP SN#1 and Segment#1 of PDCP SN#2 are retransmitted. For jumbo frames, complete PDCP PDU with SN#1 and SN#2 (corresponding to super jumbo frame) can be deciphered at time t = 8 and 9 ms, respectively. For super jumbo frames, complete PDCP PDU with SN#1 and SN#2 can be deciphered at time t = 10 and 13 ms, respectively. In this case, when super jumbo frame is used, the user plane latency for PDCP PDU with SN#2 is 4 TTIs larger than that of jumbo frame.
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Figure 2: Deciphering processing when there is HARQ retransmission
Above analysis is mainly for the case that only one transport block is transmitted within one TTI. In case that there are multiple transport blocks transmitted within one TTI (for example spatial multiplexing and/or carrier aggregation), it is still possible that different PDU segments span multiple TTI. In addition, due to HARQ retransmissions, the above analysis is still valid.

Although one might argue that there is also such receiver issue for any SDU size limitation, it should be noted that the issue is much less for current PDCP SDU size limitation (jumbo frame, i.e. 9KB), which is significantly less than super jumbo frame (65KB).

Observation 3: Support super jumbo frame has significant impact on the receiver processing.

Given above discussion, there is very limited gain of supporting super jumbo frame, but there are significant impact on the receiver processing. Therefore it is proposed not to consider super jumbo frame in NR.
Proposal 1: Super jumbo frame (65KB) is not supported in NR.

3      Conclusion
In this contribution, we discuss whether UE can support super jumbo frames (65KB). We have the following observations:
Observation 1: Overhead reduction gain of supporting super jumbo frame is very limited.
Observation 2: The possibility to use super jumbo frame is very low.
Observation 3: Support super jumbo frame has significant impact on the receiver processing.
We propose the following:
Proposal 1: Super jumbo frame (65KB) is not supported in NR.
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