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Discussion
1 Introduction

The aggregated UE radio access capability should be able to provide extra PDCP transmissions to the value implied by UE Category. The WLAN radio access capability of a UE is determined by the PHY technology, MCS, bandwidth, duration of guard interval, number of spatial streams supported, and the size limit of 802.11 frames when calculating the corresponding maximum values for DL PDCP SDUs per TTI .
This contribution is to provide related analysis and propose a way forward on whether to specify UE radio access capability parameters for WLAN as what defined for UE categories.
2 Discussion
Maximum data rate of 802.11 standards
Here are some reference data rates for the different 802.11 standards. 
Table 1: Maximum data rate comparison between different 802.11 standards
	HR/DSSS
	20MHz
	40MHz
	80MHz
	160MHz or 80+80MHz

	802.11b
	11
	
	
	

	OFDM
	Long GI
	Short GI
	Long GI
	Short GI
	Long GI
	Short GI
	Long GI
	Short GI

	802.11a/g
	54
	
	
	
	
	
	
	

	802.11n (1SS)
	65
	72.2
	135
	150
	
	
	
	

	802.11ac (1SS)
	78
	86.7
	180
	200
	390
	433.3
	780
	866.7

	802.11n (2SS)
	130
	144.4
	270
	300
	
	
	
	

	802.11ac (2SS)
	156
	173.3
	360
	400
	780
	866.7
	1560
	1733.3

	802.11n (3SS)
	195
	216.7
	405
	450
	
	
	
	

	802.11ac (3SS)
	260
	288.9
	540
	600
	1170
	1300
	2106
	2340

	802.11n (4SS)
	260
	288.9
	540
	600
	
	
	
	

	802.11ac (4SS)
	312
	346.7
	720
	800
	1560
	1733.3
	3120
	3466.7

	· The data rates are in Mb/s

· SS: spatial streams. GI: guard interval. HR: high rate. DSSS: direct sequence spread spectrum
· The data rate measured at the MAC-SAP (Service Access Point) is smaller than the PHY rate above due to the overhead of frame headers, acknowledgement, and the time required to gain access to the wireless medium


2.2 Analysis on number of PDCP PDUs per TTI 
To provide a sense of how many data frames can be moved from the access point to the UE with WLAN capability for a time interval, we give the following example calculations. For a single transmission, the number of data bytes to be transmitted is restricted by the maximum frame transmission time, frame length limitation,  and the chosen data rate. It is assumed that there is only one station associated with the access point and no contention is required. 1500-byte IP packet and no fragmentation are assumed when calculating the number of PDCP PDU per TTI. For 802.11n and 802.11ac, a single A-MPDU (Aggregate MPDU) with maximum allowable duration for a single PPDU is used in the calculation.
Exchanging a single data frame requires that the station wait for one DIFS (Distributed Coordination Function Inter Frame Space), transmit its data frame,and wait for the acknowledgment after SIFS (Short IFS).
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Figure 1. Basic data exchange in 802.11
· 802.11b: 11Mbps is assumed
· TXTIME = PreambleLength + PLCPHeaderTime + Ceiling((LENGTH × 8) / DATARATE)  
· a 1500 byte payload requires 60μs of spacing, 1229μs to transmit in 11Mbps, and 107μs to acknowledge (assuming 11Mbps), for a total of 1396μs. 
· About one 1500-byte PDCP PDU can be transmitted within a TTI 
· 802.11a/g: 54Mbps is assumed
· TXTIME = TPREAMBLE + TSIGNAL + TSYM  × NSYM 
· NSYM = Ceiling ((16 + 8 × LENGTH + 6)/NDBPS)
· a 1500 byte payload requires 50μs of spacing, 252μs to transmit in 54Mbps, and 28μs to acknowledge (assuming 24Mbps), for a total of 330 μs. 
·  About 3 PDCP PDUs (1500-byte) can be transmitted within a TTI 
To increase channel efficiency, frame aggregation was proposed and adopted in 802.11n and 802.11ac as MAC enhancement. An immediate compressed block acknowledgement follows the transmission of A-MPDU. The maximum PPDU duration 5.484ms is used for deriving the maximum allowable number of transmitted data given the size of PDCP PDU.
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Figure 2. Basic data exchange in 802.11 for A-MPDU
· 802.11n: HT(High throughput)-mixed format PPDU is assumed 
· A single A-MPDU (with n MPDUs)  per spatial stream + BLK ACK exchange

· Assume each A-MPDU subframe of 1560 byte:  

· 1500 (IP pkt) + 2 (PDCP hdr) + 36 (MAC + SNAP hdr) + 16 (CCMP) + 4 (Delimiter) +  2 (PAD to form multiples of 4) = 1560  Bytes MPDU
· L-LTF+L-STF+L-SIG+ HT-SIG + HT-STF+ HT-LTF × Nss+ Ceiling(( 22 + X × 8 )/ NDBPS) × TSYM + BLK ACK + IFS  ≤  5484 μs
· 1SS, long GI, 65Mbps is assumed, 
· About 5 PDCP PDUs (1500-byte) can be transmitted within a TTI 

· 2SS, long GI, 130Mbps is assumed
· About 10 PDCP PDUs (1500-byte) can be transmitted within a TTI 
· 3SS, long GI, 195Mbps is assumed
· About 15 PDCP PDUs (1500-byte) can be transmitted within a TTI 
· 802.11ac
· A single A-MPDU (with n MPDUs)  per spatial stream + BLK ACK exchange

· L-LTF+L-STF+L-SIG+ VHT-SIGA + HT-STF+ HT-LTF× Nss+ VHT-SIGB+ Ceiling((TSYMS ×NSYM)/ TSYML) × TSYML + BLK ACK + IFS  ≤ 5484 μs
· 1SS, 20MHz, short GI, 86.7Mbps is assumed
· About 8 PDCP PDUs (1500-byte) can be transmitted within a TTI
· 1SS, 40MHz, short GI, 200Mbps is assumed
· About 18 PDCP PDUs (1500-byte) can be transmitted within a TTI
· 1SS, 80MHz, short GI, 433.3 Mbps is assumed
· About 37 PDCP PDUs (1500-byte) can be transmitted within a TTI
· 2SS, 20MHz, short GI, 173.3Mbps is assumed
· About 15 PDCP PDUs (1500-byte) can be transmitted within a TTI
· 3SS, 20MHz, short GI, 288.9Mbps is assumed
· About 25 PDCP PDUs (1500-byte) can be transmitted within a TTI
Whether the UE radio access capability parameters for WLAN should be specified in UE Category?
In the analysis above we have derived the number of PDCP PDUs transmittable per TTI for some typical WLAN settings for the top data rates. For smaller size PDCP PDUs, a lager value can be expected. Depending on the technology supported by the access point and the WLAN interface of UE, different LTE-WLAN Aggregation gains can be inferred by the provided analysis. With the evolving and market adoption of both LTE and WLAN technologies, the eNB should consider different combinations of UE LTE and WLAN radio access capability in LWA and provide nice user experience. For better decision making of the aggregation, a mapping of WLAN radio access capability to the form which 3GPP adopted may be needed.  
Based on the above, we propose:
Proposal 1: The maximum number of DL PDCP SDUs per TTI defined in [1] is not applied to LWA.

Proposal 2: To discuss whethre to capture the maximum number of DL PDCP SDUs per TTI for WLAN radio access capabity as the way proposed in Table 2 in [1]. 
Table2: Maximum number of PDCP SDUs per TTI

	WLAN technology used by UE
	Maximum number of PDCP SDUs per TTI

	802.11b
	1

	802.11a/g
	3

	802.11n, 1SS
	5

	802.11ac, 1SS, 20MHz, short GI
	8

	802.11n, 2SS
	10

	802.11n, 3SS
	15

	802.11ac, 2SS, 20MHz, short GI
	15

	802.11ac, 1SS, 40MHz, short GI
	18

	802.11ac, 3SS, 20Mhz, short GI
	25

	802.11ac, 1SS, 80MHz, short GI
	37


3 Conclusion
In this contribution, we have presented an analysis on number of PDCP SDUs per TTI using WLAN technology for the UE. The radio access capability can be added to increase the transmission efficiency for the UE and help eNB offload some data traffic to the WLAN interface. In case RAN2 is interested in this topic, we can have futher studies and discussions on how to define the corresponding UE radio access capability parameters for WLAN.
Proposal 1: The maximum number of DL PDCP SDUs per TTI defined in [1] is not applied to LWA.

Proposal 2: To discuss whethre to capture the maximum number of DL PDCP SDUs per TTI for WLAN radio access capabity as the way proposed in Table 2 in [1]. 
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Appendix

Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


· Guideline on maximum number of DL PDCP SDUs per TTI

In order to help the dimensioning of the UE design, values for the maximum number of DL PDCP SDUs per TTI from Table A-1 may be used.

Note:
Due to the need for the network buffer data for efficient scheduling, values for Category 1 and 2 are same. It is not expected that category 1 UE has to sustain the same rate of PDCP SDUs per TTI as category 2 for prolonged period of time.

Table A-1: Maximum values for DL PDCP SDUs per TTI

	UE Category / ue-CategoryDL
	Maximum number of PDCP SDUs per TTI

	Category 1
	10

	Category 2
	10

	Category 3
	20

	Category 4
	30

	Category 5
	50

	Category 6 / 

DL Category 6
	50

	Category 7 / 

DL Category 7
	50

	Category 9 / 

DL Category 9
	80

	Category 10 / 

DL Category 10
	80

	Category 11 / 

DL Category 11
	100

	Category 12 / 

DL Category 12
	100

	DL Category 13
	65

	DL Category 15
	130

	DL Category 16
	180
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