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1. Introduction

During RAN2 #59bis, RAN2 discussed the issue of System Information delivery on the BCCH/DL-SCH (so called D-BCH). As a result, an LS to RAN1 was sent [1] asking a number of questions regarding the capacity and transmission scheme for the D-BCH. In this contribution, we outline our views and provide answers to the questions raised in the RAN2 LS. The answers are based on the set of simulation results presented in Appendix B. The questions quoted from the LS are marked in blue.

2. Discussion
TSG-RAN WG2 has been discussing the need for segmentation method for transmission of dynamic part of BCCH. If introduced, segmentation mandates additional overhead and therefore TSG-RAN WG2 concluded the following:

· If RAN1 can agree on one of the “combining” schemes (provided in documents R2-074196 and R1-073686) providing sufficient transport block size RAN2 concluded that no segmentation needs to be provided by higher layers L2/3. 
The RAN2 decision on segmentation is thus pending depending on RAN1 conclusions on soft combining possibilities for the reception of dynamic part of BCCH.

Answer/comment
We observe the following L1 features of the combining scheme proposed in [2]:
· The proposal requires coding rates significantly higher than 1 while the highest reasonable coding rate according to the current RV definition is 4/3.
· Because of coding rates exceeding 1, the SU (re)transmissions are not self-decodable. This introduces extra delay and additional DRX wake-ups even for UEs in very high geometries. 
· Additional RVs are required; therefore, modifications in the PDSCH encoder/decoder are required as well as additional RV-related signaling overhead.
In our opinion, in order not to introduce additional UE and eNB complexity, the transmission of the BCCH over DL-SCH should adhere to all assumptions about the DL-SCH coding chain. From this point of view, the following SU soft combining scheme is feasible:

· The maximum TB size of an SU should be limited (assuming QPSK for the D-BCH) by:
· System BW

· Maximum coding rate supported by the DL-SCH (e.g. 0.8 -0.9, c.f. [3])

· Number of REs eligible for PDSCH transmission in one sub-frame
· In the worst case of 1.4 MHz BW, 4 TX antennas and 3 PDCCH OFDM symbols the maximum SU’s TB size would be 1085 -1224 bits (for coding rates 0.8 -0.9) taking into account the 24 CRC and tail bits overhead.

· Any effective coding rate would be achieved by a sufficient number of DL-SCH HARQ retransmissions

· There would be no L3/L2/L1 segmentation of an SU

· SU transmission would benefit from self-decodability  (e.g. cell-center UEs will not have to soft combine all transmissions) and soft-combining depending on the radio conditions
· SU transmission would benefit from time diversity in case the retransmissions are allocated sparsely in the time domain within an SU’s TTI. The time diversity benefits for the D-BCH were quantified in [4] and [5].
Question 1a
Assuming maximum size of SIB to be transmitted being

a. 500 bits

b. 1000 bits

c. 2000 bits
By utilizing “soft combining” is it possible for RAN2 to assume that above stated number of bits can be transmitted by means of a single transport block (i.e. without higher-layer segmentation) for any BW, provided sufficient number of (re)transmissions? What would be the expected number of retransmissions?
---------------------Overall Description---------------------
Even though no detailed figures can be provided in order to progress the work in RAN1 following figures can be used. 

SU-1: ~250 – 350 bits, repetition period 80ms

SU-2: ~500 bits, repetition period 160ms

SU-3: ~500 bits, repetition period 320ms

SU-4: ~xxx bits, repetition period 640ms

-------------------------------------------------------------

Answer/comment
Figure 1 in Appendix B indicates that, in the worst case, 4 transmissions and time diversity (with chase combining) might be needed to convey ~ 250 bits in SU-1 with the TTI of 80ms.
Figure 2 shows the required SINR for 1% BLER versus SU-2 TB sizes. On the basis of the results (1.4 MHz, 1Tx antenna), we observe:
· 4 transmissions and time diversity are needed to convey ~450 bits of SU-2 with the TTI of 160 ms and fulfill the coverage/quality requirements (1% BLER at 98% coverage in 3GPP case 3)

· Time sparse allocation of retransmissions provides non-negligible (time diversity) gains comparing to retransmissions in consecutive sub-frames

Figure 3 indicates that 4 transmissions with chase combining and time diversity are needed to convey ~ 450 bits in SU-3 with the TTI of 320 ms.
Finally, it is possible to transmit ~1200 bits even in the lowest BW by utilizing L1 soft combining and time diversity. Figure 4 indicates that in the worst case up to 10 transmissions (with IR) would be needed to convey ~1200 bits in SU-4 with the TTI of 640 ms.  It would not be possible to transmit 2000 System Information bits as a single transport block.
Question 1b
If any of the schemes above is adopted what is the limit in terms of number of bits that RAN2 could assume when further evaluating size of SIBs?
Answer/comment
With a soft combining scheme that is fully aligned with the DL-SCH coding principles, the maximum size of an SU TB should be in the range from 1085 to 1224 bits (assuming the maximum coding rate of 0.8-0.9). The limit would scale up with the system BW.
Question 2a
RAN2 would like to understand how would transmissions be combined (for SU-1 as well as other SU’s)? Whether SU’s transmitted in different repetition periods are combined and when are (re)transmissions of SU transmitted? In that case, what is the consequence in terms of number of processes that needs to be supported?

Answer/comment
In our opinion, SU retransmissions:

· Should be within the TTI of a corresponding SU, soft combining across TTIs is not possible because the content of the TB might change

· Should be separated in time to realize the gains of time diversity

· Preferably should be in known sub-frames to avoid blind detections at the UE
When decoding SU-1, the UE may have no knowledge about the MBSFN/unicast allocation and/or about the DL/UL allocation. Therefore, the retransmission(s) of SU-1 should be in sub-frame(s) #5, which are non-MBSFN and DL sub-frames.
The number of HARQ processes that needs to be supported by the UE for D-BCH reception depends on:

· Whether different SUs (in different sub-frames) are received and soft combined in series or in parallel 
· The total number of SUs (if SUs are received in parallel)  
3. Conclusion

In this contribution, we provided answers to the questions raised in the RAN LS on transmission mode for BCCH [1]. We propose to take into account the above answers when responding to RAN2.
4. References
[1] LS R2-074586, ‘LS on transmission mode for BCCH’, RAN2
[2] R2-074196, ‘Transmission mode for BCCH’, Ericsson

[3] R1-074504, ‘Summary of the E-mail discussion on UE categories’, NTT DoCoMo

[4] R1-074308, ‘Capacity of D-BCH and Benefits of Time Diversity’, Nokia Siemens Networks, Nokia

R1-074297, ‘Necessity of Time Diversity for D-BCH’, NTT DoCoMo

[5] Appendix A – Simulation Assumptions
Table 1 lists the simulation assumption

Table 1 Simulation parameters.

	Transmission bandwidth
	1.4 MHz

	IFFT size
	128

	Number of used sub-carriers
	72

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1.080 MHz

	TTI length
	1 ms (14 OFDM symbols, normal cyclic prefix)

	Modulation
	QPSK

	Channel model
	3GPP-TU

	UE velocity
	3 km/h

	Channel estimation
	Real 2D estimator using RS:
1. Over 1 sub-frame for SU-1; 

2. Over 2 consecutive sub-frames for SU-n, n>1.

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	Channel coding
	Turbo coding at rate 1/3; trellis termination, 12 tail bits; lower effective coding rates achieved through repetition and puncturing

 Low



	SU TB size
	SU-1 and SU-2: variable

SU-4: 1200 bits

	Number of PRBs for D-BCH
	6

	Receive diversity
	2 receive (Rx) antennas

	Detector
	Maximum likelihood

	Transmit diversity
	1. 1 transmit antenna (1 Tx)

2. 2 transmit antenna diversity (2 Tx SFBC)

	Time diversity
	SU-1: M = {1, 2, 4, 6} self-decodable bursts in 80 ms
SU-2: M = {1, 2, 4} self-decodable bursts in 160 ms

SU-4: M = {1, 2, 4, 8, 10, 12, 14} self-decodable bursts in 640 ms

	D-BCH symbol mapping
	11 OFDM symbols per sub-frame:
 Slot #0: OFDM symbols #{2, 4, 5, 6}*, **
 Slot #1: OFDM symbols #{0, 1, 2, 3, 4, 5, 6}**

*First two OFDM symbols reserved for PDCCH
**Resource elements marked as reference symbols for all 4 Tx  antennas are left unused for D-BCH transmission.


Table 2 Minimum G-factor for 98% and 95% coverage reliabilities.
	
	Case 1
	Case 3

	98% coverage reliability
	-4.63 dB
	-6.32 dB

	95% coverage reliability
	-3.64 dB
	-4.88 dB


Appendix B – Simulation Results
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Figure 1 Capacity of SU-1 in 1.4 MHz bandwidth; 1 Tx / 2 Rx antennas.
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Figure 2 Capacity of SU-2 in 1.4 MHz bandwidth; 1 Tx / 2 Rx antennas.
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Figure 3 Capacity of SU-3 in 1.4 MHz bandwidth; 1 Tx / 2 Rx antennas.
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Figure 4 FER vs SNR of SU-4 in 1.4 MHz bandwidth; 1 Tx / 2 Rx antennas.




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































