Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG-RAN WG2 #95bis	Tdoc R2-166823
Kaohsiung, Taiwan, 10th – 14th October 2016

Agenda Item:	9.2.1.3 - Other user plane aspects
Source:	Ericsson
Title:	PDCP operation: SDU size and SN
Document for:	Discussion, Decision
[bookmark: _GoBack]
Introduction
This contribution looks at the PDCP SDU size and the PDCP sequence number length.
[bookmark: _Ref178064866]Discussion
PDCP SDU size
Ethernet standard frames may carry up to a payload of 1500 bytes. However, larger sizes are starting to be adopted. “jumbo frames” and “super jumbo frames” are the two examples of the frames that are/may be adopted. “Jumbo frames” can go up to 9000 bytes while “super jumbo frames” can go up to ~64000 bytes.
Currently, PDCP can only carry PDCP SDUs up to 8188 bytes. It would, then, be natural to increase this size up to ~64KB too to cope with the future frame sizes.
Current specifications have a PDCP PDU header length of at most 3 bytes for data bearers (not considering feedback formats). This means, therefore, that the PDCP SDU size should be (PDCP PDU size Bytes – 3 Byes). If a PDCP PDU size of 65536 bytes is agreed (2^16), then the PDCP SDU should be 65533 bytes.

[bookmark: _Toc462315877][bookmark: _Toc462412180][bookmark: _Toc462639136][bookmark: _Toc462997234]PDCP should support PDCP SDU sizes of up to 65533 bytes (considering 3 bytes of PDCP headers)

PDCP Sequence Number
In Rel13, 3GPP introduced Further enhancement of Carrier Aggregation (FeCA), which is also referred to as massive carrier aggregation or carrier aggregation beyond 5 carriers. For FeCA, up to 32 component carriers (CC) can be aggregated, which means up to 640 MHz bandwidth and up to 25 Gbps peak rate in air interface. The PDCP SN space was extended from 15 bits to 18 bits [1] to meet the high capacity. It has been assumed that the PDCP RTT is 50 ms, the supportable data rate by PDCP increases from ~4 (1500 * 8 * 2^(15-1) / 0.050 / 1e9) Gbps to ~31 (1500 * 8 * 2^(18-1) / 0.050 / 1e9) Gbps.
The same methodology can be used to evaluate the PDCP SN length needed for NR. In order to determine the PDCP SN length, the following parameters need to be set: PDCP RTT, maximum bit rate, and PDCP PDU size.
The PDCP RTT is compound of three parts: the delay of HARQ retransmissions, MAC/RLC delay, and the transport network delay. In the examples shown in the tables below, the PDCP RTT are 30 ms and 50 ms
The PDCP PDU sizes may vary depending on the application. IP typically delivers 1500 bytes, while PDCP can support up to 8190 bytes (PDCP PDU), similar size to the jumbo frame size. 

[bookmark: _Ref462221945]Table 1	PDCP bit rates (Gbps) for different PDCP PDU sizes and SN lengths for RTT = 30 ms
	 
	 
	PDCP SN length (bits)

	
	 
	7
	12
	15
	18

	PDCP PDU (bytes)
	512
	0,008
	0,28
	2,24
	17,9

	
	1502
	0,025
	0,82
	6,56
	52,5

	
	8190
	0,139
	4,47
	35,78
	286,3




Table 2	PDCP bit rates (Gbps) for different PDCP PDU sizes and SN lengths for RTT = 50 ms
	 
	 
	PDCP SN length (bits)

	
	 
	7
	12
	15
	18

	PDCP PDU (bytes)
	512
	0,005
	0,17
	1,34
	10,74

	
	1502
	0,015
	0,49
	3,94
	31,50

	
	8190
	0,084
	2,68
	21,47
	171,76



NR is expected to achieve bit rates of in the order of some Gbps and in deployments with large amounts of bandwidth, it could arrive up several dozens of Gbps (~20 Gbps) for a single UE. From the table above, it can be concluded that 15 bits is sufficient to cope with the initial expected bit rates. However, 18 bits seem to be a more future proof value which may be able to cope with extreme cases and allows some flexibility in the back-haul design.

[bookmark: _Toc462315878][bookmark: _Toc462412181][bookmark: _Toc462639137][bookmark: _Toc462997235]PDCP SN length should be up to 18 bits (for data bearer)

While 18 bits is a SN length needed to achieve the maximum bit rates, lower SN lengths may still be needed. There may be situations in which the signaling overhead needs to be limited such as, for example, in coverage limited situations or for low data rate services. In these situations, the maximum bit rates may be considerably reduced and, therefore, a short SN space is more suitable to limit overhead.
Another aspect to consider is the LTE-NR interworking and integration (e.g. CA, DC, and handovers). The MCG (having the PDCP layer) may be in either of LTE or NR depending on the potential bit rates, coverages, expected robustness, etc. However, in a mobile system, handovers may be common. These should be performed as seamless as possible. Having the same set of PDCP SN length values in LTE and NR may avoid having to reconfigure the PDCP layer to change the SN length when doing handover between the two RATs. 
LTE supports a set of SN lengths for data bearers (7, 12, 15, 18). The LTE default length value (if the SN length value is not included in the setup message) is 12 bits. Exceptionally, NB-IoT can only use 7-bit PDCP SN length.

[bookmark: _Toc462315879][bookmark: _Toc462412182][bookmark: _Toc462639138][bookmark: _Toc462997236]Discuss whether NR should support all PDCP SN length values (for data bearers) as in LTE or only a subset to simplify.

Even if NR supports the same set of PDCP SN lengths, the PDCP SN may need to be reconfigured and changed. The typical case in which this may happen is at handover.
The SN length can be changed without any issues when the new SN length is larger than the initially configured. On the other hand, reconfigurations which lead to a SN length shorter than the initially configured, should be done with “full configuration”. This procedure is sub-optimal and it implies that data in the PDCP layer may be lost.
A simple way to mitigate the effect of reconfiguring the SN length to a lower value is by discarding for UL transmissions any PDCP SDU(s) that is older than the (new) SN window size compared with the most recent assigned SN. In the downlink, though, the UE would need to forward to higher layers any PDU which has a SN number value larger than the newly configured window size. In other words if the SN length initially was 15 bits which supports up to 32769 SNs but is then changed to 12 bits which only supports 4096 SNs, if the UE had PDUs with SN [4000 – 9000] for transmissions, the UE only keeps at most 4096 PDUs and discards the rest. For example, the UE could keep [4000 – 8095], and discard the rest. 

[bookmark: _Toc462315880][bookmark: _Toc462412183][bookmark: _Toc462639139][bookmark: _Toc462997237]Investigate mechanisms to avoid or reduce losing data when reducing the SN length.

In LTE, high PDCP SN length values were only specified for those data bearers mapped onto RLC AM. The reason argued in 3GPP by some companies to exclude the support PDCP SN of 15 or 18 bits for RLC UM is that most of the services which transmit little data are mapped over RLC UM e.g. voice.
In 5G, many more services are expected to be supported. However, it is not possible to predict whether these services may require high bit rates or whether they may need to run on e.g. AM or UM mode.
Following the same path as in LTE (i.e. increasing the SN space for only AM) might hamper the introduction of future services to be supported by NR. If the complexity of supporting these values for both AM and UM does not increase compared to the complexity of implementing it only for AM, it would be then beneficial to support them for both cases.
In addition, 3GPP is still discussing the HARQ details for NR, and whether 2-ARQ layers are needed (HARQ and RLC ARQ). The details of all these aspects are still uncertain. It might be the case that HARQ is very robust so that data bearers could be configured on RLC UM. If that was the case, then PDCP SN values should be supported for both AM and UM.

[bookmark: _Toc462315881][bookmark: _Toc462412184][bookmark: _Toc462639140][bookmark: _Toc462997238]As a baseline, all agreed PDCP SN length values should be supported for data bearers mapped on RLC AM and on RLC UM.

Conclusion
Here there are two lists, one listing observations, and one listing proposals. Listing observations are not always needed, but listing proposals are always useful. To update a list, place the cursor inside the list and press F9. 
Based on the discussion in section 2 we propose the following:
Proposal 1	PDCP should support PDCP SDU sizes of up to 65533 bytes (considering 3 bytes of PDCP headers)
Proposal 2	PDCP SN length should be up to 18 bits (for data bearer)
Proposal 3	Discuss whether NR should support all PDCP SN length values (for data bearers) as in LTE or only a subset to simplify.
Proposal 4	Investigate mechanisms to avoid or reduce losing data when changing the SN length
Proposal 5	As a baseline, all agreed PDCP SN length values should be supported for data bearers mapped on RLC AM and on RLC UM.
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