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1. Introduction 

Contribution [1] proposed the reduced complexity HS-SCCH-less operation that provides VoIP capacity and Best Effort throughput gains when delivering VoIP or similar low data rate, low latency traffic by reducing the overhead associated with HS-SCCH. This contribution discusses the UE complexity and buffering requirements as well as impact on the Node B MAC-hs scheduler for supporting this mode. 

2. Reduced complexity HS-SCCH-less operation 

2.1. Summary of reduced complexity HS-SCCH-less operation

The details of reduced complexity HS-SCCH-less operation are described in [1]. It can be summarized as an HS-DSCH operation with HS-SCCH on retransmissions only. The operation is schematically depicted in Figure 1. In short: 

· A UE operating in reduced complexity HS-SCCH-less operation monitors a pair of contiguous HS-PDSCH OVSF codes in every Transmission Time Interval (TTI). It carries out blind decoding of 4 transport formats over those codes every TTI and checks the integrity of decoding by a UE specific CRC. The first transmission takes place without an HS-SCCH, and on the first pre-assigned OVSF code(s).

· The re-transmissions with the reduced complexity HS-SCCH-less operation are sent with a reinterpreted HS-SCCH. The HS-SCCH signals the TB format, HARQ combining information, as well as the channelization-code information. The channel coding and decoding of the HS-SCCH is unchanged. 
· The number of retransmissions in this mode is restricted to 2.

· UE transmits ACK-only feedbacks when decoding first transmissions, and ACK/NACK feedbacks when decoding retransmissions.
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Figure 1: Illustration of the reduced complexity HS-SCCH-less operation
2.2. Flow chart for reduced complexity HS-SCCH-less operation
Figure 2 REF _Ref147397528 \h 
 describes the flow chart of a UE that is enabled to receive HS-SCCH-less transmissions.
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Figure 2: UE decoding and buffer management flow chart in reduced complexity HS-SCCH-less operation
The flow chart can be described as follows:
1. Every subframe, the UE monitors and decodes the HS-SCCH channels assigned to it

2. If a Release 5/6 HS-SCCH message is detected (i.e. legacy operation), then the UE continues its processing accordingly.

3. If no HS-SCCH message is detected, then the UE attempts to decode one of the 4 possible TB sizes on the pre-assigned HS-PDSCH codes.

· If decoding fails, then the UE stores the demodulated QPSK bits.

4. If a new HS-SCCH message is detected (indicating a HS-SCCH-less re-transmission), then HARQ combining is performed accord to the message. An ACK or NAK is transmitted.
From this flowchart, we observe the following:

· The legacy operation is unchanged, and operates independently from the reduced complexity HS-SCCH-less.

· The demodulated QPSK bits are stored for potential HS-SCCH-less HARQ combining in the future.

3. UE buffering requirements

A UE operating under reduced complexity HS-SCCH-less operation will have to retain in its buffer the soft information necessary to combine the retransmissions in the future with the first transmissions in the past, as described in the flow chart of Figure 2 REF _Ref147397528 \h 
.

We observe the following in regards to UE buffering:

· Storing the demodulated QPSK symbols is more efficient than using the HARQ Virtual IR buffer to store 4 separate sets of soft channel bits obtained at the first rate matching stage. At every subframe, 480 complex QPSK symbols, or 480*2 real soft bits are demodulated per SF-16 OVSF code. As two OVSF codes are monitored by the UE, the buffering requirement is 480*2*2 =1920 soft bits per TTI, irrespective of the payload sizes of the 4 chosen TB formats.
·  In a subframe in which HS-SCCH is received, no QPSK symbol buffering is needed. Instead if the decoding fails, the HARQ Virtual IR buffer can be used to store the soft channel bits obtained at the first rate matching stage. 
· No buffering is needed in a subframe in which the decoding is successful either. 
If the maximum gap between first transmission and the retransmission of a packet is 
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 soft bits in the buffer. The 3 bit pointer in the reinterpreted HS-SCCH has the ability to point to subframes 6 to 13 TTI in the past as shown in Figure 1. Therefore a buffer size of 1920*13 = 24960 soft bits is required to support reduced complexity HS-SCCH-less operation. 
Note that this addition to the memory requirement is of the same order of magnitude as the capabilities of Release 6 UEs. For example, Release 6 UEs have HARQ virtual IR buffer sizes that vary from 19200 to 172800 soft bits [5]. Also, in addition to the HARQ Virtual IR buffer, Release 6 UE categories are capable of demodulating 5 OVSF codes simultaneously and hence have the capability of storing at least 5*480*2 = 4800 soft bits (9600 soft bits if QAM is supported) for processing after demodulation. 
The HARQ Virtual IR buffer and the buffer for the demodulated soft bits may share the same memory. The memory therefore does not need to be reserved exclusively for reduced complexity HS-SCCH-less operation but can be shared with other flows simultaneously received by the UE.
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Figure 3: The reinterpreted HS-SCCH points to the location of first transmission
In conclusion:

· The UE must buffer QPSK demodulated soft bits at every TTI for the 2 pre-assigned HS-PDSCH codes.
· This memory size is of the order of 24960 soft bits.

· This memory may be shared with that of the existing HSDPA virtual buffer.

3.1. Operation under DRX

The operation with DRX remains unchanged and does not poses any additional constraint on the UE. The only common constraint imposed is that the MAC-hs scheduler must schedule transmissions on the candidate subframes when the UE is ready to receive data.
Note that when both DRX and HS-SCCH-less operations are simultaneously operated, the complexity and buffering requirements reduce considerably as no buffering or blind decoding is needed when the UE is in DRX. 

4. UE computational complexity 

In reduced complexity HS-SCCH-less operation the computational load on the UE depends on the TB sizes that need to be blindly decoded by the UE.

Figure 5 shows the target Ec/Nt for different HSDPA TB formats, with and without HS-SCCH overhead. The TB formats that use 1 OVSF codes are the most energy efficient between payload sizes from 116 to 593 bits, while those using 2 OVSF codes are most efficient between 605 and 898 bits. Therefore, a Node B scheduler attempting to minimize transmit power would use an HS-SCCH-less format with a TB size of at most 898 bits.
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Figure 5: Target Ec/Nt for TB formats, with and without accounting for HS-SCCH penalty

For example, the 4 TB payload sizes used in [1] and [2] were 116, 296, 584 and 320, that add up to 1316 payload bits. Note that all categories of Release 6 UEs can decode at least 3630 bits in a TTI.
We can therefore conclude the following:

· The decoding complexity is a function of the 4 HS-SCCH-less TB sizes selected.

· For a realistic selection of TB sizes the complexity is smaller than that of the lowest category Release 6 UE.
5. MAC-hs scheduler in reduced complexity HS-SCCH-less operation 

The MAC-hs scheduler for reduced complexity HS-SCCH-less operation can be the same as a Release 6 MAC-hs scheduler with the following additional considerations. 

·  At every subframe, the users in reduced complexity HS-SCCH-less operation need to be assigned OVSF codes before other users. 

· In case of a code collision, i.e. when two users to be scheduled in reduced complexity HS-SCCH-less operation are expecting transmission on the same OVSF code, there are two options available to the MAC-hs scheduler: (i) either transmit to one of the users on a separate OVSF code using the HS-SCCH, (ii) or defer the transmission of one of the users to the next transmission opportunity, typically the next TTI. 

6. Conclusion

This contribution presents the computational and buffering requirements on the UE to support the reduced complexity HS-SCCH-less operation. In addition it shows that:

· The UE decoding requirements are proportional to the sum of all 4 HS-SCCH-less TB sizes.

· With a max TB size of 1000 bits this corresponds to < 4*1000 bits.

· The UE buffering requirements are directly proportional to 
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, the maximum number of subframes between the first and 2nd HS-SCCH-less transmissions.

· With 
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=13 this corresponds to 1920 
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×

= 24960 soft bits.

· With DRX, the UE buffering requirement is reduced proportionally to the fraction of time DRX is ON (i.e. no gating)

· With DRX ¼ 
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