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Discussion and Decision

1. Introduction

For RAN2-60 the contribution [2] has been submitted for the first time. During RAN2-61bis the contributions [3] and [4] have been finally discussed and it has been agreed to have an UE capability on the number of PDCP SDUs per TTI related to the UE category. However there was no agreement on the exact number of PDCP SDUs yet.
This contribution is to elaborate more on the topic, to extend it to the UL and to propose a way forward on specifying the number of SDUs. Together with the number of supported HARQ processes and available L2 memory, additional UE capabilities shall be considered and dependencies discussed.

2. Discussion

2.1 General considerations

We need to note that for a WAN datacard application (e.g. LTE device is plugged into a laptop) there is no control over the end user application. As a general assumption, the applications would be certainly web browsing, e-mail retrieval and some streaming applications. Most of them are using TCP as layer 4 transport protocol, so we will get in the downlink maxiumum sized IP packets (depending on signalled maximum segment size or MTU) along with TCP ACKs. In the uplink there will be relatively smaller and variable sized IP packets (e.g. http requests) along with TCP ACKs. We consider the few SYN and FIN packets as neglectable.

Most video “streaming” applications actually download (and so buffer) the data (e.g. FlashPlayer plugins and MediaPlayer), so one gets again the two extrema: maximum sized (MTU) packets and TCP flow control. VoIP is considered as a controlled environment where the datarate and the packet size is known and well limited. 
We share the concerns, as outlined in the cited contributions, that without any limits on the number of PDCP SDUs / RLC SDUs in a RLC PDU, respective a MAC TB, an UE vendor cannot dimension the required processing power. We consider DoS type attacks (many small packets) as the most challenging but not a “typical” application (. If one considers PDCP RoHC, the PDCP SDUs get even smaller and so producing a higher risk of CPU overload in an UE implementation. However a full TB sized RLC PDU filled with small TCP ACKs is also unlikely.
2.2 Packet size distribution
We have done some observation on arbitrarily choosen web applications capturing the network traffic and deriving the packet size statistics as given in the table below:

	Packet size
	News web surfing
	SpiegelTV FlashPlayer “streaming”
	ZDF (TV) MediaPlayer “Streaming”
	smoothJazz.com WinAMP MP3 streaming
	YouTube.com FlashPlayer

	40-79
	19.5%
	0.6%
	15.6%
	15.3%
	1.8%

	320-639
	9.8%
	0.4%
	6.8%
	1.8%
	0.2%

	640-1279
	11.5%
	0.3%
	27.2%
	1.8%
	0.1%

	1280-2559
	55.5%
	98.3%
	47.9%
	75.9%
	97.3%


Table 1 Downlink packet distribution

	Packet size
	News web surfing
	SpiegelTV FlashPlayer “streaming”
	ZDF (TV) MediaPlayer “Streaming”
	smoothJazz.com WinAMP MP3 streaming
	YouTube.com FlashPlayer

	40-79
	79.3%
	98.8%
	80.5%
	93.3%
	98.8%

	320-639
	20.5%
	0.8%
	4.0%
	0.5%
	0.4%

	640-1279
	0.17%
	0.2%
	4.0%
	4.8%
	0.3%

	1280-2559
	0.0%
	0.0%
	5.3%
	0%
	0%


Table 2 Uplink packet distribution

As one can easily see (and would expect) the downlink is dominated by large packets and the uplink is dominated by small packets. Only for “web surfing” we observe medium sized packets. Those are the http get requests for retrieving embedded parts of a website. 

2.3 Deriving requirements
We conclude that for the downlink the smaller packets are dominating (as expected), whereas in typical high bandwidth applications the larger packets will dominate the downlink (also as expected). In the tables above an e-mail upload case is missing but can be considered as the reverse of a web download or the player operation.
One could safely assume that dimensioning of the additional UE capability “Number of PDCP SDUs per TTI” can be approximated with the smallest TCP/IP packets (40 bytes for IP + TCP), not taking into account PDCP RoHC. We would propose that there is a minimum requirement for a certain UE category but each UE is allowed to signal a higher value. We think that observation of this limit at TX side is easily achieved, much easier than observing the L2 buffer space capability, as the TX side needs only to count SDUs. 

Proposal 1a: There is a minimum requirement on the number of PDCP SDUs per TTI for each UE category.

Proposal 1b: The UE may signal in its capabilities a higher value.

From the examples above, the “web surfing” case gives the most likely case of UE usage that has not a predetermined traffic shape. We could calculate the number of PDCP SDUs per TTI using the distribution that we have obtained empirically. As for a category 1 UE a full-sized IP frame does not fit into a MAC TB, we should consider the minimum requirement based on the smallest TCP/IP packet not taking into account small UDP packets (20+8+n (payload) bytes). Not taking RLC and MAC headers into account, we get for the downlink: 

10296 / 8 / 40 ≈ 32 SDUs

And for the uplink:


5160 / 8 / 40 = 16 SDUs

These seem values far too high for the lowest UE category.

If we consider TB sizes that can carry at least one full sized IP frame, we could consider symmetric traffic and take into account that TCP will acknowledge in the slow-start phase (before the TCP segment window opens) each data packet. So we could dimension the number of SDUs as the number of full size IP frames and a TCP ACK that fits into a maximum sized TB (so similar values as proposed in [4]). 
So we propose (taking proposal 1b above into account) for UE categories the values similar as in [4] but with the new TB sizes as seen in [6]:
Proposal 2a: There is a minimum processing capability per TTI, which depends on the UE class.

Proposal 2b: A UE shall be able to process the number of PDCP SDUs in DL and UL as given in the table below.
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Number of 1500 byte IP packets per TTI in DL
	Maximum number of UL-SCH transport block bits received within a TTI
	Number of 1500 byte IP packets per TTI in UL
	Minimum number PDCP SDUs per TTI in DL
	Minimum number PDCP SDUs per TTI in UL

	Category 1
	10296
	1
	5160
	1
	10 (5)
	10 (5)

	Category 2
	51024
	5
	25456
	3
	10
	10

	Category 3
	102048
	9
	51024
	5
	15
	15

	Category 4
	150752
	13
	51024
	5
	20
	20

	Category 5
	302752
	26
	75376
	7
	35
	35


Table 2 UL/DL minimum requirements

For category 1 a higher limit has been assigned. But we may also go for the values in brackets. The number of SDUs has been rounded up to the next multiple value of 5 and a minimum of 10 for all classes is applied.
The limitation of the number of PDCP SDUs per TTI will in turn also apply an implicit limit on the RLC header extension part and allows so to derive a CPU load limit.

The number of HARQ processes is currently FFS (see [1]). The number of SDUs per TTI might seem high for the lower category UEs, however we think that for power consumption reasons the eNB will anyway not schedule a UE in each TTI but will merely assign a few ULs grant or DL indications every n TTIs only (see also DRX cycle in [5]). This would allow that a UE can distribute the RLC processing in the downlink over several TTIs. To ensure this, we propose:
Proposal 3: The maximum number of HARQ processes for UL and DL are an UE capability and signalled to the eNB.
Limiting the supported number of HARQ processing will also allow reducing the memory requirements for a certain category.
5. Conclusions

In this contribution, we have presented our views on the number of PDCP SDUs per TTI the UE is capable to process. We have proposed that the UE shall support a minimum value but may signal the capability to sustain a higher value. The UE may have an additional limit on the number of parallel HARQ processes it can support.
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