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1. Introduction

In RAN1 #54, it was decided not to include explicit RV bits in DCI Format 1C in order to increase the number of bits available for MCS signaling from 3 to full 5 bits. Furthermore, it was decided to implicitly convey the Redundancy Version of BCCH transmission by linking the RV to the subframe/radio frame number. However, the exact details of implicit RV determination for BCCH transmission are not yet decided and not captured in the specification.
In this contribution, we discuss some possibilities of implicit RV determination for system information transmission, we present corresponding simulation results and we outline our views on this open issue.
2. Discussion
2.1. Redundancy Version Sequence

In [1] and in [2], it has been shown that the Redundancy Version sequence (RVS) of 0, 2, 3, 1… is optimal and it offers the performance closed to the optimal IR performance of pure circular buffer. The main features of this RVS are: for effective coding rates ≤ 2/3 already 2 transmissions contain all systematic and parity bits; non-overlapping HARQ transmissions #0 and #1 for coding rates ≥ 2/3. This RV sequence is used for LTE UL non-adaptive HARQ retransmissions as described in [3].
2.2. Redundancy Version Sequence Mapping

Approach 1

One possibility of RVS mapping for the BCCH would be to simply link the RV to the subframe number or the radio frame number, this is illustrated for SIB1 and SI-x (x>1) in Table 1.
Table 1 Linking RV to subframe number or radio frame number.
	SIB1 – the RV linked to the radio frame number (SFN)

	SFNmod8
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	RV
	0
	N/A
	2
	N/A
	3
	N/A
	1
	N/A
	0
	N/A
	2
	N/A
	3
	N/A
	1
	N/A

	SI-x (x>1) – the RV linked to the subframe number (ns)

	Subframe number (
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n

)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	RV
	0
	2
	3
	1
	0
	2
	3
	1
	0
	2


We note the following properties of System Information scheduling:
· Multiple system information blocks can be carried on the BCCH each with its own TTI = 
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· SI-x transmission can have multiple instances within a TTI and those multiple transmissions can be soft-combined at the UE within a window, where the length and the position of the window are defined as follows:
· The SI window size is configurable, it is one of 
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· The SI-x window starts at subframe #a, where a = z mod 10 in radio frames for which 
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 is the periodicity of SI-x and SFN is the radio frame number [4]
· The exact number and position of SI-x transmission instances within the corresponding window is eNode B implementation-specific. Two main approaches are consecutive allocation from the beginning of the window and sparse allocation over the whole window
· Subframe #5 in even-numbered radio frames
, MBSFN subframes (in case of mixed unicast/MBSFN carriers) and UL subframes (in case of TDD carriers) are not eligible for SI-x transmission
On the basis of the above SI transmission properties it is evident that SI windows can start at various time-domain positions which are not necessarily aligned with the radio frame timing. Therefore, in case the RVS assignment scheme for SI-x from Table 1 is used, we observe the following issues which might lead to IR losses (these are further confirmed by the results in section 2.3):

· The occurrence probability of each of the RV within an SI window might be not equal (because subframe #5 and UL subframes, in case they fall within an SI window, will puncture the RVS)
· The order of the RVS might be disturbed and suboptimal within an SI window as shown in an example in Figure 1 (because of various starting positions of SI windows and because subframe #5 and UL subframes will puncture the RVS)
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Figure 1 Linking the RVs to subframe numbers within a radio frame (for the example SI window of 15ms and UL/DL configuration #6).
Approach 2

We propose the following implicit Redundancy Version determination for the BCCH:

· Start the assignment of the RV sequence of <02310231…> at the beginning of the corresponding SI window, this RV-to-subframe mapping can be further enhanced by:

· Skipping subframes #5 in even-numbered radio frames from the RV mapping if such a subframe(s) falls within the SI window 
· Skipping UL subframes in case of TDD carriers 

· In our view, this can be considered for all SI-x transmissions as the UL/DL configurations is conveyed by means of SIB1
· Skipping MBSFN subframes in case of mixed unicast/MBSFN carriers:
· This can be considered only for SI-x, where x>2 as the unicast/MBSFN subframe allocation is conveyed by means of SI-2 [4]. This enhancement would create distinct UE/eNB behavior w.r.t. BCCH determination between SI-2 and other SIs, which, in our view, is not necessarily desirable.
This principle (Approach 2) is shown in Figure 2. Specification-wise, this can be captured by a table linking the maximum number of subframes eligible for SI transmission within the longest SI window (38 subframes) with the RVS of <02310231…> and/or by a formula as shown in the TP in Appendix B (the same formula for SIB1 and SI-x). Ensuring the optimal RVS from the beginning of a window is especially important for consecutive SI allocation, while for sparse SI allocation, provided that RV occurrence probabilities within a window are equalized, the eNode B has the possibility to delay or advance individual transmissions in order to obtain the desired RVS.
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Figure 2 Mapping the RVS from start of SI window excluding subframes not eligible for SI (for the example SI window of 15ms and UL/DL configuration #6).
Approach 3
An alternative approach of RV determination would be to consider the maximum possible MBSFN allocation. It has been decided that for FDD subframes # 0, 4, 5 and 9 cannot be used for MBSFN cf. [4], [5] and [6]. One possibility is then to have mapping of the RV to the subframe number which ensures that the BCCH transmission works well also in the case of maximal MBSFN usage i.e. all subframes except 0, 4, 5 and 9 are used for MBSFN. In TDD, the subframes that are never MBSFN can be different (it is FFS e.g. # 0, 1, 5, 6); however, the principle would be the same: first map the optimal RV sequence to DL subframes that are never MBSFN, then map the optimal RV sequence to the remaining DL subframes.

For FDD, this principle (approach 3) is shown in Table 2; the same RVS for possible BCCH transmission is repeated in each radio frame.

Table 2 Mapping of RVs to subframes within a radio frame (approach 3).
	Subframe number (
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n

)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	RV
	0
	2
	3
	1
	2
	3
	0
	2
	3
	1


2.3. Simulation Results

Figure 3 shows the SNR required for 1% BCCH BLER vs. the effective coding rate of the 1st transmission for various numbers of SI transmissions and for two different RV sequences. The simulations assumptions are outlined in Table 3 of Appendix A.
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Figure 3 SINR for 1% BCCH BLER vs. effective coding rate (ECR).
Based on the simulation results, we observe that: a non-optimal RVS and unequal RV occurrence probability within an SI window cause a link level loss of BCCH transmission.
3. Conclusion

In this contribution, we discussed the aspects of implicit assignment of Redundancy Versions for BCCH transmission scheduled with DCI Format 1C. On the basis of the discussion and simulations results, we propose that:

· RVS of 0, 2, 3, 1, … is used for BCCH transmission
· One of the approaches of RVS mapping onto subframes proposed in this contribution is selected
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Appendix A – Simulation Assumptions
Table 3 Simulation assumptions for BCCH transmission over PDSCH.

	Parameter
	Value/Comment

	Transmission bandwidth
	1.4 MHz

	IFFT size
	128

	Number of used sub-carriers
	72

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1.080 MHz

	Sub-frame 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 over 1 sub-frame RS

	Physical resource block bandwidth
	12 sub-carriers, 180 kHz

	PDCCH parameters
	4 OFDM symbols reserved for PDCCH

	Channel coding
	24 bit CRC, turbo coding at rate 1/3; trellis termination, 12 tail bits; circular buffer rate matching.

	Number of PRBs for BCCH
	6

	Antenna configuration
	1TX-2RX

	Detector
	MRC

	SI window
	5ms, 2, 3, or 4 SI consecutive transmissions within the window

	TBS/ effective coding rate
	Varied by selecting different TBS allowed for BCCH transmission 


Appendix B – TP for 36.331

***********************************Start TP to 36.331, section 5.2.3***********************************
5.2.3
Acquisition of an SI message

When acquiring an SI message, the UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInformation in SystemInformationBlockType1;

2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength;

2>
the SI-window starts at the subframe #a, where a = x mod 10, in the next radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;

Editor's note:
It is FFS whether SFN mod T = FLOOR(x/10) + 8 should be used instead.

NOTE:
E-UTRAN should configure an SI-window of 1ms only if all SIs are scheduled before sub-frame #5 in radio frames for which SFN mod 2 = 0.

1>
receive DL-SCH using the SI-RNTI from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received, excluding the following subframes:
2>
subframe #5 in radio frames for which SFN mod 2 = 0;
2>
any MBSFN subframes;

2>
any uplink subframes in TDD;

1>
Denote the number of subframes within the SI-window 
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 excluding any uplink subframes in TDD and any subframe #5 in even-numbered radio frames. The Redundancy Version of a possible BCCH transmission in subframe i among the above 
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considers only subframes #5 in even-numbered radio frames within the SIB1 repetition period of 80ms and 
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1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message.

************************************End TP to 36.331, section 5.2.3***********************************




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� Subframe #5 in even-numbered radio frames (when SFN mod 2 = 0) cannot be used for SI-x, x>1 transmission as they are reserved for SIB1 transmission.
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