
3GPP TSG-RAN-WG2 Meeting #58
(
R2-071986
Kobe, Japan, 7th- 11th of May 2007
Source: 


Nokia, NSN
Agenda Item: 
5.5
Title:



HSPA+ L2 Buffering Calculations
Document for: discussion & decision
1 Introduction

The purpose of this document is to discuss L2 buffer sizes for HSPA+. New HSPA categories have been introduced in 25.306 to allow 64QAM and MIMO in the downlink, and 16QAM in the uplink.  The L2 buffering needs of these new categories have not been considered, and are discussed here.

2 Existing Calculation Method
In HSDPA and HSUPA, calculations on L2 buffer sizes can be seen in the following references : R2-012611, and R2-050533.  These calculations were based on the following equation: 

Minimum RLC Buffer Size (Kbytes)

= MaxDLDataRate (bits/sec) * RoundTripTime(secs) / 8192

+ MaxULDataRate (bits/sec) * RoundTripTime(secs) / 8192

+ MaxDLTrBlkSize*MHSWindowSize(16)

If we now use the same equation for HSPA+, and assuming:

· the MAC-hs window for 64QAM stays the same as for HSDPA

· The MAC-hs window sizes doubles to 32 for dual MIMO streams

· The RTT is taken to be 150ms to be in line with previous HSDPA and HSUPA calculations, 
then the following buffering is needed:

	Category
	Data Rate (Mbps)
	RLC buffering (Kbytes)
	MaxTrBlk Size (bits)
	MAC-hs buffering (Kbytes)

	HSDPA Cat13(64QAM)
	17.4 Mbps
	319 Kbytes
	34800
	68 KBytes

	HSDPA Cat14(64QAM)
	21.1 Mbps
	387 Kbytes
	42196
	83 KBytes

	HSDPA Cat15(MIMO)
	23.4 Mbps
	428 Kbytes
	23370
	92 KBytes

	HSDPA Cat16(MIMO)
	28 Mbps
	512 Kbytes
	27952
	110 KBytes

	
	
	
	
	

	HSUPA Cat7 (16QAM)
	11.5 Mbps
	211 Kbytes
	-
	-


This would mean that for a UE supporting HSDPACat16 And HSUPA Cat7, a total absolute minimum buffering of 512+110+211 = 833 Kbytes is necessary using the existing calculations.  Due to the granularity of the capability reporting mechanism, a capability of 1000 Kbytes would need to be reported.

This kind of value could be considered as excessive, and below we consider whether this is a realistic figure.

3 Realistic Considerations
3.1 Round Trip Time

A value of 150ms has been used for all RLC RTT calculations since Rel99.  This value is very important in these buffering calculations, as the buffer size needed to avoid stalling is directly proportional to the delay, and so it is worth considering whether this is still a realistic value to use. In R2-012611 it was already mentioned that at some point in the future much lower RTT values would be feasible and that would decrease memory requirements.
From testing and commercial experience of HSDPA, it seems that a value of 100ms is more common, and could be used instead. This would then reduce the minimum buffering needs by 1/3. The use of E-DCH and the natural technology evolution will reduce this even further, but as no sufficient experience from real life deployments exists, a value of 100ms would seem generous but reasonable for Rel-7.

Buffering needs with RTT = 100ms:

	Category
	Data Rate (Mbps)
	RLC buffering (Kbytes)
	MaxTrBlk Size (bits)
	MAC-hs buffering (Kbytes)

	HSDPA Cat13(64QAM)
	17.4 Mbps
	213 KBytes
	34800
	68 KBytes

	HSDPA Cat14(64QAM)
	21.1 Mbps
	258 KBytes
	42196
	83 KBytes

	HSDPA Cat15(MIMO)
	23.4 Mbps
	286 KBytes
	23370
	92 KBytes

	HSDPA Cat16(MIMO)
	28 Mbps
	342 KBytes
	27952
	110 KBytes

	
	
	
	
	

	HSUPA Cat7 (16QAM)
	11.5 Mbps
	141 KBytes
	-
	-


3.2 Maximum Data Rates

The values calculated so far are for the theoretical possible maximum data rates, but from studies it has been shown that these values are only obtainable in perfect conditions (non-congestion, extremely low interference levels, etc).Typically, in these conditions the RTT would be much lower than in normal conditions.  As the amount of buffering is high, it may be worth considering a reduced realistic RTT for the peak-rates, which will then have a direct effect on the necessary L2 buffering. 

NOTE: The possibilities of defining the actual peak-rate RTT and required L2 buffering to support those needs further discussions in RAN2.  A Factor of 0.8 is used as an initial suggestion below:

	Category
	Theoretical Data Rate (Mbps)
	Peak-rate RTT Factor 
	RLC buffering (Kbytes)
	MaxTrBlk Size (bits)
	MAC-hs buffering (Kbytes)

	HSDPA Cat13(64QAM)
	17.4 Mbps
	0.8
	171 KBytes
	34800
	68 KBytes

	HSDPA Cat14(64QAM)
	21.1 Mbps
	0.8
	207 KBytes
	42196
	83 KBytes

	HSDPA Cat15(MIMO)
	23.4 Mbps
	0.8
	229 KBytes
	23370
	92 KBytes

	HSDPA Cat16(MIMO)
	28 Mbps
	0.8
	274 KBytes
	27952
	110 KBytes

	
	
	
	
	
	

	HSUPA Cat7 (16QAM)
	11.5 Mbps
	0.8
	113 KBytes
	-
	-


3.3 Affect of Rel6 Memory CR

CR 96 to Rel6 25.306 relaxed the memory checking restrictions that NW must follow to ensure the UE memory storage capability is not exceeded.  This CR changed the limitation so that all MHS and RLC buffering is assumed to be dynamic, and only the number of PDUs currently being buffered needs to be considered, rather than the configured window size.  

This infers that from Rel6 onwards, a UE may support multiple RLC bearers and MHS re-ordering queues in parallel without the need for any extra memory to be reported to the network.  This has no impact on the figures calculated in this document as this already assumes the minimum of only one bearer.

Consideration of multiple bearers is outside the scope of these minimum capabilities, and so is left to implementation, but it is important note though that without this Rel6 CR, the buffering capability that needs to be reported by a UE that can support multiple bearers (contexts) will need to artificially be much higher than these minimum values.

4 Proposal
By reducing the RTT and theoretical maximum data rates to more realistic values, the amount of buffering needed within L2 can be reduced significantly:

Eg, for an HSDPACat16 And HSUPA Cat7 UE:

· Theoretical buffering needs : 833K (1000K reported)

· Realistic buffering needs : 497K (500K reported)

As the difference in buffering is so large (50% reported saving), it is proposed that RAN2 discuss these L2 buffering needs further to agree whether it is acceptable to use more realistic values in these minimum buffering calculations.

If agreement is reached, then Nokia are willing to complete the necessary CR for 25.306 to include the minimum buffering needs for HSPA+ data rates. A draft CR is provided (attached), based on the table from section 3.2. Note that the CR also takes into account an upwards quantization of L2 memory reporting according to the currently available enumerated values in the UE capabilities (2, 10, 50, 100, 150, 200, 300, 400, 500, 750, 1000, 2000kbytes).
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Table 5.1a: FDD HS-DSCH physical layer categories
	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
	Total number of soft channel bits


	Category 1
	5
	3
	7298
	19200

	Category 2 
	5
	3
	7298
	28800

	Category 3
	5
	2
	7298
	28800

	Category 4
	5
	2
	7298
	38400

	Category 5 
	5
	1
	7298
	57600

	Category 6
	5
	1
	7298
	67200

	Category 7
	10
	1
	14411
	115200

	Category 8
	10
	1
	14411
	134400

	Category 9
	15
	1
	20251
	172800

	Category 10
	15
	1
	27952
	172800

	Category 11
	5
	2
	3630
	14400

	Category 12
	5
	1
	3630
	28800

	Category 13
	15
	1
	34800
	259200

	Category 14
	15
	1
	42196
	259200

	Category 15
	15
	1
	23370
	345600

	Category 16
	15
	1
	27952
	345600



UEs of Categories 1 to 10 support QPSK and 16QAM only.
UEs of Categories 11 and 12 support QPSK only.
UEs of Categories 13 and 14 support QPSK, 16QAM and 64QAM.
UEs of Categories 15 and 16 support MIMO.
Table 5.1b: RLC and MAC-hs parameters for FDD HS-DSCH physical layer categories

	HS-DSCH category
	Maximum number of AM RLC entities 
	Minimum total RLC AM and MAC-hs buffer size [kBytes] 

	Category 1
	6
	50

	Category 2
	6
	50

	Category 3
	6
	50

	Category 4
	6
	50

	Category 5 
	6
	50

	Category 6
	6
	50

	Category 7
	8
	100

	Category 8
	8
	100

	Category 9
	8
	150

	Category 10
	8
	150

	Category 11
	6
	50

	Category 12
	6
	50

	Category 13
	8
	300

	Category 14
	8
	300

	Category 15
	8
	400

	Category 16
	8
	500
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