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Introduction
In last GERAN#66 meeting, the high level principle for a converged solution of NB OFDMA and NB M2M was presented [1] and some details were presented in a teleconference. Regarding clean-slate solutions, overall three proposals are currently being discussed. This contribution mainly focuses on the suggested converged solution for synchronization signal and system information channel, and discusses a few points of potential enhancements. 

Frame structure and PBCH transmission
As a converged solution, it is proposed to have 5msec slot where a subframe consists of 32 slots and a frame consists of 8 subframes for downlink transmission. For downlink, a slot is used as a basic unit of data/control/synchronization signal transmission. For example, PSCH is transmitted over one slot. Given that basic unit of uplink scheduling is at least two slots, we consider that downlink control and data can be also scheduled where the minimum scheduling size would be 2 slots rather than 1 slot. By looking at Table 2.3-6 in downlink design of the converged approach [3], only a few cases (e.g., N = 4 with MCS = 7/8/9/10 with CBS_index = 0) are scheduled over one slot. For the commonality, we consider it would be considerable to schedule at least in unit of two slots even for downlink transmission. This will reduce the overall signalling overhead, for example, indication of starting slot index of PDSCH. In this sense, we propose to have a name of “subframe” which consists of two slots where one super-subframe can have 16 subframes and a frame can have 8 super-subframes. The proposed frame structure is illustrated in Figure 1. 
[image: ]
[bookmark: _Ref422823997]Figure 1. Proposed frame structure
As proposed by [3], we also consider synchronization signals can be distributed uniformly over one frame. One good candidate as proposed is to transmit synchronization signal at the last of each super-subframe, which allows 8 times transmission of synchronization signal. If the basic scheduling unit becomes one subframe (10msec), we consider that the remaining slot where PSCH is transmitted can be used for PBCH. One example is to transmit PSI or master system information along with PSCH. If master system information requires more than one slot, instead of one slot, more slots may be used. Distribution of PBCH over the frame would also provide time-diversity gain. Thus, overall, at least a few repetitions over a frame would be desirable.  
Proposal 1: To achieve time-diversity gain, PBCH carrying a system information would be repeated multiple times over a frame. The number of repetition N is FFS. 
It is proposed to use 15 subcarriers to transmit PBCH to allow frequency reuse among neighbour cells. When frequency reuse = 1, it is proposed to use the remaining subcarriers for data transmission. For the frequency location, it is proposed to use contiguous 15 subcarriers for one PBCH transmission where the same frequency resource is used for all PBCH repetition. To avoid persistent interference on a certain set of subcarriers, the frequency location of PBCH can be further randomized. For example, when reuse factor is 1/3, instead of utilizing 15 consecutive subcarriers, 15 subcarriers are selected uniformly from the entire 45 subcarriers. Furthermore, hopping of subcarrier may be used that for example in each transmission, different subcarrier set is selected. One example is to select {0, 3, …, 42} in the first transmission in a frame, and select {1, 4, …, 43} in the second transmission, and select {2, 5, …, 43} in the third transmission, and so on. This selection can be selected based on cell ID. Another approach is to use the consecutive 15 subcarriers in case of reuse factor = 1/3 where the location can change per the transmission. For example, first transmission in a frame can occur in the first 15 subcarriers, the second transmission in a frame can occur in the second 15subcarriers and so on. For the inter-cell interference randomization, the hopping can be randomly selected based on cell ID. In addition to different starting time per subframe, different frequency location can be considered for example as the followings: 
Table 1. Example of PBCH resource pattern
	Index
	0
	1
	2
	3
	4
	5

	Starting subframe #
	[0, 4, 2, 6]
	[2, 6, 0, 4]
	[4, 0, 6, 2]
	[0, 4, 2, 6]
	[2, 6, 0, 4]
	[4, 0, 6, 2]

	Frequency location in super-subframe 0, 2, 4, and 6 (0 means subcarrier 0 – 14, 1 means subcarrier 16-31, 2 means subcarrier 33-47)
	[0, 1, 2, 0]
	[2, 0, 1, 0]
	[1, 2, 1, 0]
	[2, 0, 1, 0]
	[1, 2, 1, 0]
	[0, 1, 2, 0]



Proposal 2: Inter-cell interference randomization on PBCH frequency location is considered. Cell-ID based hopping pattern can be considered.  

PSCH 
Current design of PDSCH is based on 2 times oversampling with pulse shaping to transmit over 180Khz bandwidth. Based on pulse shaping, the energy tends to be concentrated near the center frequency (i.e., near DC). In other words, the higher energy or higher interference will be observed near the center frequency which can affect high interference to neighbour cells. For example, if neighbour PBCH is transmitted in the center frequency region, it will get higher interference from PSCH.  Thus, overall, the interference level by PSCH would not be uniformly distributed; rather it will be concentrated on the subcarriers near DC. 
To address this issue, PBCH may not be transmitted in subcarriers near DC. However, it will reduce the frequency reuse factor. Another approach is to consider adopting LTE synchronization signal mapping which maps the sequence to subcarriers and perform IFFT afterwards. 
Overall, it is proposed to continue investigation on this issue, and may finalize the design of synchronization signals in the work phase. 

Proposal 3: Further investigation on synchronization signal design is necessary.  

Discussion on pilot signal pattern
It is proposed [3] to transmit pilot signals in all subcarriers allocated to a cell. Though it is unclear whether frequency reuse of 1/3 should be used, at least for frequency reuse of 1, it is understood that pilot signals are transmitted over all subcarriers. As pilot signals are critical in terms of channel estimation and time/frequency tracking, some interference randomization among neighbour cells should be considered. One example is to take different pattern of pilot signals based on cell ID similar to Vshift used in LTE design. Instead of Vshift, Hshift may be used where the starting symbol to carry pilot signal is determined as (Cell ID % 8). One of example is as the follows. In the downlink, the pilot signals are always transmitted in all the subcarriers. Within each normal slot, the pilot pattern can be determined based on cell ID. In odd-subcarrier, the starting symbol index can be determined as (cell ID % 8) and the second symbol to carry the pilot signal is (cell ID % 8) + 8. In even-subcarrier, the starting symbol index can be determined as ((cell ID +4) % 8) and the second symbol would be ((cell ID +4) % 8) + 8.
 Proposal 4: Pilot pattern can be different per cell based on cell ID.

Conclusions
This contribution discusses potential enhancements related to frame structure, PBCH transmission and pilot transmission. The followings are the proposals. 
Proposal 1: To achieve time-diversity gain, PBCH carrying a system information would be repeated multiple times over a frame. The number of repetition N is FFS. 
Proposal 2: Inter-cell interference randomization on PBCH frequency location is considered. Cell-ID based hopping pattern can be considered.  
Proposal 3: Further investigation on synchronization signal design is necessary.  
Proposal 4: Pilot pattern can be different per cell based on cell ID.
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