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This document is a resubmission of R1-040776 from the Rel6 Ad Hoc in Cannes, where the discussion on soft combining was not concluded. In order to continue this discussion, we resubmit this paper to RAN1#38.

1. Introduction

The minimum MBMS UE capability has been discussed for several RAN1 meetings now, and based on the approach that was agreed at RAN1#37, the remaining part for RAN1 is to decide upon combinations of bitrate, number of radio links, SF and TTI to be supported by MBMS UEs, based on a assumption on a total UE buffer requirement. Further the possibility of and the relation with soft combining should be discussed and agreed upon. In this contribution we address these two remaining open issues, and propose combinations for one radio link, for macro-diversity with selective combining and for macro-diversity with soft combining for adoption as the MBMS minimum UE capability.

We make an analysis of the UE’s MBMS buffer requirement and the resulting maximum allowed radio-link time difference. Our assumption is that the UE is capable of at least HS-DSCH UE category 5 in parallel with a 384 kbps associated DPCH.

Further, for the case of soft combining we have assumed that it is done on the physical channel, more specifically, more or less directly after the RAKE combiner. The intention is to minimize both processing and memory requirements in the UE.

2. Maximum allowed time slip to facilitate soft combining

In multi-RL operation with selection combining, the worst case timing relation for the UE is when the different radio links are completely time-aligned, see [1]. The reason is that Turbo decoding typically is expensive to parallelize. Note that this also is true if the radio links are aligned on TTI-basis. 

We assume that received symbols, both soft values and hard bits, reside in their respective buffers until all symbols are processed. Then, the worst case from a buffering point-of-view is when the TTIs from n radio links are completely synchronized since we assume that both frame and TTI processing are shared UE functionalities.

The frame buffer stores 15 slots until a whole frame is complete and then the soft values are read out from the frame buffer, processed, and written into the TTI buffer. The TTI buffer stores processed frames until a whole TTI is complete in the buffer after which the soft values are read out and processed (rate de-matching and Turbo decoding). The decoded hard bits may then be stored in a MAC buffer while delivery to L2 is finished.
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Figure 1. The contents of two radio links stored in the frame buffer. Radio link 2 is processed after radio link 1 and additional soft values, corresponding to the processing time of radio link 1, must therefore be stored for radio link 2.

The frame, TTI, and decoded bit buffer size, respectively, needed with selective combining of 
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 radio links is,
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soft values, where 
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 is the processing time of a frame and 
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 is the duration of a slot. Further, the required TTI buffer size is,


[image: image6.wmf](

)

TTI

TTI

slot

sel

TTI

1

SF

2560

2

p

T

T

T

n

M

+

=


soft values, where 
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 is the TTI, 
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 is the processing time for a TTI, and 
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. The buffer where decoded bits are stored while awaiting transfer to MAC is,
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bits, where 
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 is the nominal MTCH data rate in bits per second and 
[image: image12.wmf]MAC

p

T

 is the write time from L1 to MAC.

Note that the amount of memory actually used in the UE depends on the timing difference between the radio links. However, the relations above describe the worst-case timing situation and, hence, they describe the minimum UE buffer size to handle selective combining. If one soft value is represented by 
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bits, then the total buffer size required for selective combining is,
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If we use soft combining on LLR level and we assume that the soft values from the respective radio links are combined before frame processing, then the buffer requirement on frame level is,
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Here, 
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 is the maximum timing difference between radio links in the MBMS radio link set. We see that the frame buffer increases linearly with 
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. Further, the total buffer size required when soft combining is done prior to frame processing is,
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The real gains for soft combining radio links compared to selective combining are (1) the Ec/Ior requirements can be decreased, and (2) that the UE does not have to process, e.g., Turbo decode, 
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 radio links in digital baseband. This implies a significant relief for the UE. 

Hence, a simple rule for when the UE should use soft combining or selective combining, respectively, can be found. It is fair to assume that the UE’s buffer should be designed for selective combining, i.e., selective combining will determine the maximum UE buffer. Then, we can solve for the largest link timing difference that is feasible within this buffer size. This means that the soft buffer always must be less than or equal to the the selective combining buffer,
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One particular configuration of TTI length, bit rate, and radio-link count, 
[image: image21.wmf](

)

max

TTI

max

max

,

,

T

n

R

, will give the highest UE buffer size requirement. To find the maximum possible 
[image: image22.wmf]diff

T

 for soft combining with other settings of TTI length and bit rate, 
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This can be expressed as,
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To simplify the analysis, we assume that frame processing time and transfer to MAC processing time are negligible and they are hereafter omitted. Further, the TTI processing is approximated by the Turbo decoding time, and weassume that the same Turbo decoder is used for HS-DSCH and MBMS. This results in a Turbo decoding delay that maximally is,
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where 7298 is the maximum number of transport block bits in a 3.6 Mbps HS-DSCH UE. We now have,
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If we assume that 
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In the special case that 
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Hence, we have a simple expression, consisting only of parameters that are known to UTRAN, which can be used to design the allowed time slip between RLs based on the number of MBMS radio links and the maximum planned MTCH data rate.

3. UE buffer capability

We assume that an MBMS-capable UE also is capable of receiving HS-DSCH. We further assume that the HS-DSCH capability is according to HS-DSCH UE category 5 or higher, and that the associated dedicated channel capability is 384 kbps. Hence, according to [2], the frame buffer should be 19200 soft values, the TTI buffer should be 
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 soft values, and the buffer for decoded values should be able to hold 6400 bits. The buffer mandated by UE category 5 is 57600 soft values in the MAC-hs hybrid ARQ buffer, and 7298 decoded HS-DSCH transport-block bits per TTI. This results in the following composite, i.e., both HS-DSCH and dedicated, buffer size,
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Here, again, 
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is the number of bits each soft value is represented with. Further, we use the above expressions to estimate the buffer size required for selective combining,  
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Then, we assume, for simplicity, that the processing delays 
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 and 
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 are small and can be ignored, and further assume that the TTI processing delay basically comes from Turbo decoding. 

To be complete, we also include the R99 S-CCPCH in the totally required memory,
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Further, the quantization of soft values may be implementation dependent and, as above, we investigate the buffer sizes for 
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 bits, respectively. The resulting buffer size for a 3.6 Mbps HS-DSCH UE with 384 kbps associated DPCH capability is approximately
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We compare these HS-DSCH values to 
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. Table 1 indicates if the memory requirement of a particular MBMS configuration exceeds those of a 3.6 Mbps HS-DSCH UE according to the assumptions above. 
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	256kbps
	1
	8
	80 ms 
	Yes

	256kbps
	2
	8
	80 ms 
	No

	256kbps
	3
	8
	80 ms
	No

	256kbps
	1
	8
	40 ms
	Yes

	256kbps
	2
	8
	40 ms
	Yes

	256kbps
	3
	8
	40 ms
	No

	128kbps
	1
	16
	80 ms
	Yes

	128kbps
	2
	16
	80 ms
	Yes

	128kbps
	3
	16
	80 ms
	No

	128kbps
	1
	16
	40 ms
	Yes

	128kbps
	2
	16
	40 ms
	Yes

	128kbps
	3
	16
	40 ms
	Yes


Table 1: Supported combinations of bitrate, number of RL, SF and TTI

Apart from which configurations of data rate, TTI, and number of radio links, that are supported with a 3.6 Mbps HS-DSCH UE, we observe that 

(256 kbps, 2 RL, 40 ms TTI)

is the most demanding configuration from a buffer perspective. Hence, the UE capability for MBMS should be based on this configuration. Table 2 present 
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 values for the case of soft combining other configurations.
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	max 
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 for soft combining if (256 kbps,2 RL, 40 ms TTI) mandates the UE buffer size

	256kbps
	8
	80ms
	10 ms

	256kbps
	8
	40ms
	50 ms

	128kbps
	16
	80ms
	120 ms

	128kbps
	16
	40ms
	175 ms


Table 2: Maximum RL timing difference Tdiff at the UE for soft combining

4. Conclusion

It was found that the UE’s MBMS buffer should based on (256 kbps, 2 RL, 40 ms TTI) since it places the strictest requirements on the UE’s buffer. Particularly noteworthy is that this combination also facilitates the following combinations,

· (256 kbps, 1 RL, 80 ms TTI)

· (256 kbps, 1 RL, 40 ms TTI)

· (128 kbps, 2 RL, 80 ms TTI)

· (128 kbps, 3 RL, 40 ms TTI)

Further, it was found that the maximum time difference between soft combined radio links is 10 ms for (256 kbps, 80 ms TTI), 50 ms for (256 kbps, 40 ms TTI), 120 ms for (128 kbps, 80 ms TTI), and 175 ms for (128 kbps, 40 ms TTI).

Based on the discussion above, we propose:

· to adopt the values from Table 1 for the definition of the MBMS minimum UE capability for one radio link and up to three radio links with support for macro-diversity through selective combining, and

· to adopt the conditions from Table 2 for definition of the MBMS minimum UE capability with support for macro-diversity through soft combining.
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