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1. Introduction 

In Tdoc R1-01-0128 [1] and Tdoc 12A010003 [2], the buffer size and processing time requirements for HARQ of HSDPA for FDD mode are evaluated. This document discusses the same issue for TDD mode which have not been covered yet in TR 25.848 [3]. It is based on the Rel99/Rel4 frame timings and TTI values. 

2. 
Receiver buffering complexity

For N-channel stop-and-wait H-ARQ, the buffer size estimation is quite simple since no new PDUs are transmitted on a subchannel before the previous packet is acknowledged. The receiver need to buffer only one HSDPA TTI from each subchannel. The next transmission is either a new packet or a retransmission of an erroneous packet. In either case, the maximum buffering need is N HSDPA TTIs. Thus, the L1 buffering for a N-channel SAW ARQ is:
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The actual size of the buffer needed for each TTI depends on the H-ARQ combining scheme employed. In Chase combining scheme the receiver always combines the full retransmission of the failed HSDPA TTI, i.e. the amount of data in the receiver buffer remains the same. Therefore, the buffer size can be expressed as
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in which Nsym is number of symbols in each burst, NTS and Ncode are the number of timeslots and number of channel codes per timeslot allocated for the HSDPA packet in a TTI, respectively, and NSS is the number of soft symbols to be buffered for each information symbol (for modulation symbols, NSS.=2, i.e., I and Q pair; for soft symbols to be input to Turbo decoder, NSS equals the number of bits carried by one information symbol). In the incremental redundancy schemes, however, the receiver needs to buffer all the redundancy versions which introduce new information in addition to the HSDPA TTI transmitted first, i.e. the amount of data to be buffered increases with consecutive retransmissions (if n different redundancy versions of similar size are transmitted, for example,  the memory estimates have to be multiplied by n). In this paper we consider only chase combining scheme.

For 3.84 Mcps TDD mode with a timeslot granularity of 667 (s, in general TTI is assumed to be 10ms and SF=16. There are several choices of the HSDPA packet duration in each TTI, for example, 1 timeslot, 5 timeslots or 13 timeslots in each radio frame. With the 2nd burst type assumed, there are totally 138 symbols in one burst. 

For 1.28 Mcps TDD mode with a traffic timeslot granularity of 675 (s, TTI can be either 5 ms (1 subframe) or 10 ms (2 subframes). Number of symbols in each burst is always 44. 

2.1 Buffer sizes for N=4, TTI = 10 ms, NTS=10

As a basis for comparison, the example in which N=4, TTI packet duration=10 timeslots is used as a reference. Tables 1~4 show the maximum buffer size for this HARQ process assuming Chase combining.

(a) 3.84 Mcps TDD case

Table 1. Buffer at soft combining stage, HSDPA TTI = 10 ms with packet duration = 10 timeslots  (3.84 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4,  6.67 ms packet duration, modulation symbols (I,Q pairs) buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

1
11.04 (max 276Kbps)
11.04 (max 414Kbps)
11.04 (max 552Kbps)
11.04 (max 828Kbps)

14
154 (max 3.86Mbps)
154 (max 5.79Mbps)
154 (max 7.73Mbps)
154 (max 11.6Mbps)

Table 2. Memory at the input of turbo decoder, HSDPA TTI = 10 ms with packet duration = 10 timeslots  (3.84 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4,  6.67 ms packet duration, soft symbols buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

1
11.04 (max 276Kbps)
16.6 (max 414Kbps)
22.1 (max 552Kbps)
33.2 (max 828Kbps)

14
154 (max 3.86Mbps)
232 (max 5.79Mbps)
308 (max 7.73Mbps)
464 (max 11.6Mbps)

(b) 1.28 Mcps TDD case 

Table 3. Buffer at soft combining stage, HSDPA TTI=10 ms with packet duration= 10 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4, 6.75 ms packet duration, modulation symbols (I,Q pairs) buffered (Ksymbols) 


QPSK
8-PSK
16-QAM
64-QAM

1
3.52 (max 88Kbps)
3.52 (max 132Kbps)
3.52 (max 176Kbps)
3.52 (max 264Kbps)

14
49.3 (max 1.23Mbps)
49.3 (max 1.85Mbps)
49.3 (max 2.46Mbps)
49.3 (max 3.69Mbps)

Table 4. Buffer at the input of Turbo decoder, HSDPA TTI=10 ms with packet duration= 10 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4, 6.75 ms packet duration, soft symbols buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

1
3.52 (max 88Kbps)
5.28 (max 132Kbps)
7.04 (max 176Kbps)
10.6 (max 264Kbps)

14
49.3 (max 1.23Mbps)
73.9 (max 1.85Mbps)
98.6 (max 2.46Mbps)
147.8 (max 3.69Mbps)

2.2 Buffer sizes for  N=4, TTI = 10 ms, NTS=1  (3.84 Mcps TDD only)
Table 5.  Buffer at soft combining stage, HSDPA TTI = 10 ms with packet duration = 1 timeslots  (3.84 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4,  0.667 ms packet duration, modulation symbols (I,Q pairs) buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

14
15.4 (max 386Kbps)
15.4 (max 579Kbps)
15.4 (max 773Kbps)
15.4 (max 1.16Mbps)

Table 6. Memory at the input of turbo decoder, HSDPA TTI = 10 ms with packet duration = 1 timeslots  (3.84 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4, 0.667 ms packet duration, soft symbols buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

14
15.4 (max 386Kbps)
23.2 (max 579Kbps)
30.9 (max 773Kbps)
46.4 (max  1.16Mbps)

2.3 Buffer sizes for N=3, 4, TTI = 5 ms,  NTS=5  (1.28 Mcps TDD only)

(a) N=3

Table 7. Buffer at soft combining stage, N=3, HSDPA TTI=5 ms with packet duration= 5 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=3, 3.375ms packet duration, modulation symbols (I,Q pairs) buffered (Ksymbols) 


QPSK
8-PSK
16-QAM
64-QAM

14
18.5 (max 1.23Mbps)
18.5 (max 1.85Mbps)
18.5 (max 2.46Mbps)
18.5 (max 3.69Mbps)

Table 8. Buffer at the input of Turbo decoder, N=3, HSDPA TTI=5 ms with packet duration= 5 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=3, 3.375ms packet duration, soft symbols buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

14
18.5 (max 1.23Mbps)
27.7 (max 1.85Mbps)
37.0 (max 2.46Mbps)
55.5 (max 3.69Mbps)

(b) N=4

Table 9. Buffer at soft combining stage, N=4, HSDPA TTI=5 ms with packet duration= 5 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4, 3.375 ms packet duration, modulation symbols (I,Q pairs) buffered (Ksymbols) 


QPSK
8-PSK
16-QAM
64-QAM

14
24.6 (max 1.23Mbps)
24.6 (max 1.85Mbps)
24.6 (max 2.46Mbps)
24.6 (max 3.69Mbps)

Table 10. Buffer at the input of Turbo decoder, N=4, HSDPA TTI=5 ms with packet duration= 5 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=4, 3.375 ms packet duration, soft symbols buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

14
24.6 (max 1.23Mbps)
36.9 (max 1.85Mbps)
49.2 (max 2.46Mbps)
73.8 (max 3.69Mbps)

2.4 Buffer sizes for N=6, TTI = 5 ms, NTS=5  (1.28 Mcps TDD only)

By increasing the number of subchannels from 4 to 6 and using a shorter TTI than that in Sec. 2.1, the buffering requirements are listed in the following two tables. From Tables 11, 12 it can be seen that the buffer size is about 75% of N=4, TTI=10 ms case (see Tables 3, 4). 

Table 11. Buffer at soft combining stage, HSDPA TTI=5 ms with packet duration= 5 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=6, 3.375 ms packet duration, modulation symbols (I,Q pairs) buffered (Ksymbols) 


QPSK
8-PSK
16-QAM
64-QAM

14
36.9 (max 1.23Mbps)
36.9 (max 1.85Mbps)
36.9 (max 2.46Mbps)
36.9 (max 3.69Mbps)

Table 12. Buffer at the input of Turbo decoder, HSDPA TTI=5 ms with packet duration= 5 timeslots  (1.28 Mcps TDD)

Number of code channels (SF=16)
Maximum buffer size for N-channel SAW HARQ, N=6, 3.375 ms packet duration, soft symbols buffered (Ksymbols)


QPSK
8-PSK
16-QAM
64-QAM

14
36.9 (max 1.23Mbps)
55.3 (max 1.85Mbps)
73.8 (max 2.46Mbps)
110.7 (max 3.69Mbps)

It can be seen that reducing the TTI length from 10 ms to 5 ms  causes savings in maximum buffer size even when the number of HARQ subchannels is increased. In order to fulfil processing time considerations, the subchannels in general have to be increased when TTI length is reduced if a given time relation is to be preserved. It has to be noted that all the values presented represent soft symbols; in baseband implementation each soft symbol will require a number of bits for storage depending on desired accuracy.

3.
Processing time considerations

Node B processing tasks prior to sending data in the HS-DSCH

· Decode the ACK/NACK transmitted on uplink control channel HS-PUSSCH;

· Make a scheduling decision on which UE is due to receive data among the UEs having data in the transmission buffer;

· Set signalling information fields (incl. MCS, HARQ types, redundancy version, UE-id, resource allocation for the user, resource allocation period and activation time, etc.) on downlink control channel HS-PDSSCH.

UE processing tasks includes

· Decode TFCI, HSDPA TTI sequence info etc.

· Despreading and demodulation;

· Soft combine retransmitted HSDPA TTI in the receiver buffer for the correct subchannel;

· Decode HSDPA TTI for the subchannel;

· Check CRC to decide whether the HSDPA TTI was received correctly;

· Generate ACK/NACK signalling for uplink control channel HS-PUSSCH.

The time required for processing the tasks depends on the number of timeslots in the HSDPA TTI (number of bits to be processed). On the other hand, the time available for finishing the tasks also depends on these same factors.  As an example, Fig.1 shows the general concept for HARQ process with four HARQ subchannels. Note that the propagation time on DL/UL is neglectable, the time duration of it is not shown in the figure. TUEP depicts the processing time in UE, TNBP the processing time in Node B and TCTRL the decoding time needed for DL signalling information prior to the packet data transmission.

Note that one main difference for the timing requirements of HARQ process for TDD mode compared to FDD is that, there are some restrictions in the frame configuration for timeslot uplink/downlink assignment.

After having received a packet on HS-PDSCH the UE has TUEP for processing and sending acknowledgement to the Node B. Based on the acknowledgement the network decides whether it resends the TTI or transmits a new packet. For the UE to know that Node B is transmitting something to it, a signalling information  is assumed to be transmitted in downlink channel, namely, HS-PDSSCH. This signalling channel  identifies the UE that will have a packet to be received in the next HSDPA TTI. The processing time available for Node B between receiving the acknowledgement and transmitting the DL signalling is TNBP. 

In Fig. 1, the last 5 timeslots of a frame (or subframe for 1.28 Mcps TDD) are allocated for a HSDPA packet. It is assumed that TS 0 is used for HS-PDSSCH transmission and TS 1 the HS-PUSSCH transmission. For 3.84 Mcps TDD, TTI is 10 ms whereas for 1.28 Mcps TDD a 5 ms TTI is used in the example.
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Figure 1. Example of HARQ timing schematic for N=4 

Table 13 gives an estimation on available processing time for the example shown in Fig. 1. Note that the position and number of timeslots allocated for HSDPA packet transmission and UL/DL signalling is not fixed, the processing time will vary accordingly as the position and number of timeslots vary. For example, if the DL signalling (HS-PDSSCH) was transmitted not in TS 0 but a downlink timeslot that follows, say TS 2, Node B would have two more timeslots duration to process the ACK/NACK information and prepare for the downlink signalling transmission. 

Table 13.  UE and Node B processing times based on N=4.

Parameter
5 timeslots packet length


3.84 Mcps TDD 

(10 ms TTI)
1.28 Mcps TDD 

(5 ms TTI)

TUEP
10.66 ms
5.95 ms

TNBP
8.66 ms
3.375 ms

TCTRL
16 ms
5.95 ms

TUEP+TNBP
19.3 ms
9.325 ms

TNBP+TCTRL
24.66 ms
9.325 ms

Fig. 2 gives another example for the 1.28 Mcps TDD with N=3. In this case the time needed for decoding the downlink signalling information is reduced greatly by reducing the buffer complexity as well compared with that for N=4 case. (Note that for simplicity, the DwPTS, GP and UpPTS between TS 0 and TS 1 which are denoted as G in Fig. 2 are omitted in Fig. 1).
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Figure 2. Example of HARQ timing schematic for N=3, 1.28 Mcps TDD. 

Table 14   UE and Node B processing times requirement in case of N=4,  5 ms TTI with 5 timeslots packet length for 1.28 Mcps TDD

Parameter
Time requirement

TUEP
5.95 ms

TNBP
3.375 ms

TCTRL
0.95 ms

TUEP+TNBP
9.325 ms

TNBP+TCTRL
4.325 ms

There are many factors to be considered when evaluating whether the total time is sufficient.

· Minimum Node B processing time

· Position and number of timeslots assigned for a HSDPA packet

· Position of timeslot for downlink/uplink signalling transmission, that is, in which timeslot will the HS-PDSSCH or HS-PUSSCH be transmitted. 

Allocating the processing time between UE and Node B can be done by selecting the relative transmit instant of UE acknowledgement and downlink signalling information with respect to the transmission of HSPDSCH in downlink. The earlier the ACK is sent or the later the DL signalling is sent, the more time there is available for Node B processing. Anyway, enough time should be reserved for Node B to update all the data and to schedule for the respective UE in the network.

4.
Conclusion

From the estimated buffer complexity for different number of subchannels and TTI length, it can be seen that by reducing the TTI length and increasing subchannel number, a reduction of buffer size requirement maybe achieved. The time requirement for UE and RNS processing is also evaluated in this document. It should be noted that the timing available for UE and RNS processing are very close related to the positions and time duration allocated for DL/UL signalling transmission. A trade-off can be arrived by taking into account all these factors including the hardware processing time requirements as well. In addition, a trade-off between proper processing timing and buffer complexity should also be achieved. However, a TTI of 10ms should still be considered for 3.84 Mcps TDD for Rel99/Rel4 compatibility reasons.  For 1.28 Mcps TDD one can consider N=4 or N=3 with TTI length of 5ms. The N=3 channel stop-and-wait H-ARQ mechanism has tight timing requirements for DL signalling.
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