3GPP TSG-RAN WG1 Rel. 6 Ad hoc meeting
Tdoc R1-040073
Espoo, Finland
January 27th – 30th, 2004
Source: 
Siemens


Title:
UE and network impact analysis for selective combining (FDD)
Agenda Item:
2.2 MBMS – selective combining
Document for:
Discussion and Decision
1. Introduction

In the past RAN1 meetings some attention has been given to improvement techniques related to MBMS through efficient transmission power and reception like SHO, outer coding, selective combining, code repetition and others. In [1] the power allocation for a Node B transmitting MBMS was considered, concluding that up to 25% power of a Node B needs to be allocated to one 64kbps MBMS for satisfactory (90%) cell coverage in a macro cellular environment. As the same MBMS channels are envisaged to be transmitted in neighbouring cells, it is beneficial to be able to receive and combine these same MBMS channels. 

The UE reception capability of simulcast MBMS was considered in [2], [3], and [4] as an approach with promising gains and little implementation effort on the UE and the network side. In [5] a UE impact analysis was presented and results concerning the maximum delay between two Node Bs for selective combining were shown. Based on [5] a more detailed analysis of the UE impact is provided in this paper and the maximum delay between the radio links for a 384 kbps UE is derived. Furthermore, a short overview on the impact on the network side is presented. Some conclusions and suggestion for further ongoing are given.
2. UE impact analysis

2.1. Physical layer assumptions

In the following, we assume a 384 kbps UE class as a reference. This serves as an example but calculations provided here can be transferred to other UE classes as well. The memory requirements in FDD DL are defined for the frame buffer (size=K words), the TTI buffer (size=A*6.6 words), and the decoded TrBlks buffer (size=A bits) in [6]. For the 384 kbps UE class, K=19200 and A=6400. 
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Figure 1: An overview on the physical layer symbol level receive processing in the UE.

In Figure 1 a simplified block diagram of the symbol level receive processing in the UE is shown. Note that multiple CCTrCHs share the same buffers but they are not shown. For simplification, we split the symbol level receive processing in two parts, one is done on a frame basis like physical channel de-mapping, 2nd de-interleaving, …. Afterwards, the symbols are stored in the TTI buffer. The second (most complex) part of symbol level decoding comprises 1st de-interleaving, channel decoding, CRC check, and others. Finally, the completion of TTI processing is signaled to the MAC layer which reads the data out with some additional delay.
In contrast to the presentation in [5] we think that frame and TTI processing time cannot be neglected for the UE impact analysis. Furthermore, the transfer of the data to the MAC layer needs some further storage time of the decoded data since this does not happen immediately. In the following two subsections we will discuss the effects of these two timings.
2.2. Influence of frame and TTI processing time on buffer sizes for selective combining

A reasonable 384 kbps class mobile phone processes the maximum number of data bits, i.e., it would process 3840 bits within slightly less than one frame. For simplification concerning MBMS and having some reserve for a control channel and CRC symbols we will further assume that the overall frame and TTI processing time needs 10 ms for 4200 bits – for demonstration we split it into 1.25 ms for frame processing and 8.75 ms for TTI processing. If we consider now an MBMS channel with 64 kbps we have 672 bits per frame (640 + some control bits) which leads to 0.2 ms for frame processing and 1.4 ms for TTI processing respectively.
For the frame and TTI processing as listed above Figure 2 shows the corresponding buffering times (black bordered rectangles) and processing times (red bordered rectangles). In Figure 2 we use a delay of the second radio link to the first one of exactly 9.8 ms to make the explanation of occupied buffers and the respective constraints more clear.
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Figure 2: Overview on buffer and processing times for a 64 kbps MBMS with TTI length 10 ms and a delay of the second radio link a little less than one TTI

In Figure 2 one can see an overlap of the TTI buffer of the first and second radio link (marked with the red circle no. 1). This occurs if the delay of the second radio link (RL2) is larger than one frame minus the overall processing time (frame and TTI processing). It leads to some further constraints on the used buffer sizes which should be avoided. Some more illustration on this will be shown in Section 2.4.
The problem with the overlapping TTI buffers could be avoided if the frame processing is delayed (shown with the red dashed box “optional!”). Then, the result from frame processing is delivered when the TTI processing of radio link 2 is finished. However, you obtain some time (marked with the red circle no. 2 in Figure 2) where data of three radio frames (with more than 2 radio links this increases even more, e.g., to 5 with 3 radio links!) has to be stored. It is very implementation dependent how this would effect memory constraints within selective combining. Thus, the maximum time shift of two radio links will be calculated allowing no overlap according to the cases no. 1 and no. 2 in Figure 2.
Figure 3 shows the extension of the TTI length to 40 ms. Due to the larger block length after one TTI the TTI processing time increases by a factor of four (most complex task is “Turbo” Decoding which increases linearly with the block length). This leads to a longer time where the TTI buffers (red circle no. 1) of two TTIs overlap or respectively, the time where three radio frames (two from RL1 and one from RL2) have to be stored in the frame buffer (4 red circles no. 2).
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Figure 3: Overview on buffer and processing times for a 64 kbps MBMS with TTI length 40 ms and a delay of the second radio link a little less than one TTI

2.3. Influence of transferring data to the MAC layer on buffer sizes for selective combining

After finishing the frame and TTI processing, the physical layer informs the MAC layer about available data. Due to synchronization between physical and MAC layer, which is normally done on a frame or TTI basis it takes some time for the MAC to receive the data. 
Again, we assume that for a 384 kbps class mobile it is possible to transfer up to 4200 bits per 10 ms to the MAC. However, it is not known, how fast the data is transferred and how long it takes until the signaling from the physical layer is processed. Thus, we assume in the following only full frames of 4200 bits to be transferred to the MAC within 10 ms. As long as the data block per TTI is smaller than 4200 bits the transfer can be done within 10 ms (one frame) as it is shown in both Figure 2 and Figure 3.
2.4. Maximum delay between two radio links
From the investigations in Sections 2.2 and 2.3 we can calculate the maximum delay between two Node Bs which is allowed concerning the memory requirement according to current 384 kbps class definition. For simplification we assume a non overlapping of the overall symbol level receive processing time (frame and TTI processing) and thus avoid the effects on buffering times as marked with red circles no.1 and no. 2 in Figure 2 and Figure 3. Depending on the data rate we calculate the frame and TTI processing time tP in ms:
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with tTTI being the TTI length in ms and rdata being the data rate of the service in bits per second. Furthermore, we have the transfer time to the MAC layer tM:
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with sBlock being the block size of one data block after TTI processing and 
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 denotes the next larger integer value. A last parameter which defines the maximum delay is the number of decoded data blocks Ndb which can be stored in parallel in the decoded data buffer. This is given by the maximum number of bits (6400 for the 384 kbps UE) divided by the transport block set size. Note that only full transport blocks can be considered. The maximum delay between the radio links is then given by
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From this we can update the table from [5].

Table 1: Maximum delay for selective combining with two Node Bs given different RABs.
	Example of RABs
	Transport block set size per RL (bits)
	Processing time 
tP in ms
	transfer time to MAC 
tM in ms
	Maximum number of blocks Ndb
	Maximum delay tmax between radio links in ms

	32 kbps TTI 80 ms
	336 x 8 = 2688
	6.4
	10
	2
	2 x 80 – 10 – 6.4 = 143.6

	64 kbps TTI 10 ms
	672
	1.6
	10
	9
	9 x 10 – 10 – 1.6 = 78.4

	64 kbps TTI 20 ms
	1344
	3.2
	10
	4
	66.8

	64 kbps TTI 40 ms
	2688
	6.4
	10
	2
	63.6

	64 kbps TTI 80 ms
	5376
	12.8
	20
	1
	47.2

	128 kbps TTI 10 ms
	1344
	3.2
	10
	4
	26.8

	128 kbps TTI 20 ms
	2688
	6.4
	10
	2
	23.6

	128 kbps TTI 40 ms
	5376
	12.8
	20
	1
	7.2

	128 kbps TTI 80 ms
	10752 !!
	25.6
	30
	---
	not possible!!


For combing three radio links, things do not change very much. For calculating the maximum delay we have to consider that the processing time has to be subtracted now two times since we need time for the first and second radio link processing before the third (latest received) radio link can be processed.

Furthermore, Table 1 only shows the constraints given by the decoded data buffer. Also the frame buffer has to be considered. The constraint for the frame buffer is 19200 bits per frame for a 384 kbps UE class. This limit should not be a problem for a 128 kbps MBMS channel with up to 3 radio links since the received symbol rate is similar to that of a 384 kbps service with one radio link. 

Some more constraints are given for the TTI buffer. It is not treated generally here, but it is explained with the example of the 64 kbps service and 80 ms TTI. The worst case delay is 46 ms (see Table 1). We assume a delay of 40 ms in the following. When the TTI processing of the second radio link of the first TTI is finished, 5 frames of the first radio link of the second TTI have already been frame processed and are stored in the TTI buffer (compare to Figure 3 with a shifted radio link by 2 frames and a TTI processing time larger than one frame). This could lead to a problem if the overall coding rate r (ratio of data bits to the coded bits) is very low. For the 64 kbps case with 80 ms TTI this means, [(5376 + 5376 * 5/8) * 1 / r] soft bits have to be stored which could lead to a higher rate than 6400 * 6.6 (constraint in [6]). It is noteworthy that this will not be the case if SCCPCH slot format 10 or 11 (spreading factor 32) [8] with two radio links is used. With 3 radio links this could be the limiting factor. The problem of decoding two TTIs with length 5376 can lead to a constraint for the minimum time shift of the two radio links due to the reason that both radio links have to be stored in the TTI buffer for the processing of the first link.
2.5. Some considerations on the CRC check and the decoded data buffer

One further aspect which should be checked by  UE and chipset manufacturers is, if the decoded data buffer is used as some kind of RAM where several functions share the data, e.g., if the CRC check works on this data buffer and the Turbo decoder already writes into this buffer, the data of two radio links has to be stored for some time (even it is a short time). The effect is marked with the violet rectangles (for clarification violet dashed circles no. 3 are drawn around) in Figure 3. The data of the second radio link is stored in the decoded data buffer before the entire TTI processing is completed and can not be erased before the CRC check is done. This UE implementation dependent CRC processing decreases the maximum delay to
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Looking at Table 1 we obtain that 128 kbps with 40 ms TTI and 64 kbps with 80 ms TTI would not be possible anymore. The maximum delay for 64 kbps and 40 ms TTI would be reduced to 23.6 ms.
3. Impacts on the UTRAN
The introduction of selective combining may have some associated reduction in Node B transmission power. However, the MBMS may also have to be transmitted from other cells in order to enable selective combining. This will use power and occupy some resources from other cells that might otherwise be allocated for other activities. To enable selective combining, it is required to have point-to-multipoint transmission of the same contents for MBMS across neighbouring cells taking part in selective combining. This will also have some influence on cell deployment for MBMS coverage where selective combining is required.

In selective combining, in addition to the link to the serving cell, a UE also establishes link with at least a second target cell. As a result, it has another chance to recover the correct transport block, provided it can identify which two transport blocks are the same in both links. Additional signalling may be required between UTRAN and UE to inform UEs of contents and cells taking part in selective combining for a subset of available MBMS channels. It is for RAN2 and RAN3 to decide if these signalling and required timings can be met appropriately.
4. Conclusions
With this document we took a closer look on the UE impact analysis for selective combing. We want to thank NTT DoCoMo, NEC, and Mitsubishi for their first submission. 

It turned out that some more constraints are given due to processing time and transfer time of data to the MAC layer, if a mobile is designed very close to the limits given by [6]. These limits should be considered for applying MBMS with selective combining. Nevertheless, a 64 kbps service with up to 80 ms TTI can be supported up to a delay of approximately 4 frames using a slot format with SF ≥ 32. With 3 radio links the coding rate has to be checked due to the limitation of the TTI buffer. Additionally, a minimum time shift may be necessary (with 3 RLs or with SF ≤ 16) due to the large transport block length with 80 ms TTI .
Note, if the decoded data buffer is implemented as a RAM, which is shared by Turbo decoding and CRC check functions, delay constraints worsen (a 64 kbps service with 80 ms TTI can not be selectively combined) and it is for further study by UE and chipset manufacturers if these constraints have to be considered for the selective combining approach. According to the results in [3] and the maybe limited shared decoded data buffer, it has to be re-considered if the quite small gain of 0.7 to 0.8 dB
 justifies the effort applying this approach. Further simulations should be provided for other channel models than the “case 2” model.
Furthermore, it is now for investigation in RAN2 and RAN3 if the time shift of the two radio links not larger than shown in this document can be guaranteed from the network side.
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� A 40 ms TTI with selective combining is compared to an 80 ms TTI using one link, and a geometry of -3 dB and -6 dB of the two links is considered.
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