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1 Introduction
Following the outcome of the Ran WG1 meeting 52 bis, a new PDCCH format 1C was discussed, and the following is the summary from the chairman’s minutes [1]:
· Format 1C

· Proposed way forward: Add format 1C for downlink transmission of paging, RACH response and dynamic BCCH scheduling.

· Included in common search space

· Always use QPSK on related PDSCH transmission

· Contents

· 16bits RNTI implicitly encoded in CRC

· 3bits MCS

· [5bits] RB assignment

· 2bits RSN

In this contribution we would like to discuss the available options for this PDCCH payload format.
2 The PDSCH payloads indicated by the format 1C
To create a starting point for the discussions, we have summarized the PDSCH payloads that are intended for being allocated using format 1C. Common to all of these messages is that we need full cell coverage, as we have no or limited information on the propagation conditions for the targeted UE.

2.1 Paging

According to [2], the payload size of a paging message will contain the following information:

· UEID (48 bits)

· UE_ID type (2 bits)

· Paging cause (3 bits)

· SystemInfo Modification (4 bits)

· Paging record count (3 bits)

The two latter are common to each paging message, so the possible paging sizes will be:

	Number of UE paged at the same time
	Size of paging message (without PDSCH CRC)
	Size of paging message after byte allignment (without PDSCH CRC)

	1
	60
	64

	2
	113
	120

	3
	166
	168

	4
	219
	224

	5
	272
	272

	6
	325
	328

	7
	378
	384

	8
	431
	432


Currently, we have assumed that no more than 8 UEs are paged at the same time.
2.2 RACH response

Correspondingly, the size of the RACH response can be described as [3]:

· Optional load control parameter (8 bits)
· 56 bits per acknowledged preamble consisting of

· Subheader containing preamble id (8 bits)

· T-CRNTI (16 bits)

· Timing advance (11 bits)

· UL grant (tentatively 21 bits, not yet agreed by RAN1)

The maximum number of preambles acknowledged in one response could be eight. This would roughly align the maximum payload with that of paging message. A rather large RACH load would be handled with eight acknowledgements in a response: eight acknowledgements are enough with the probability of 99% or better up to the mean load of 4 attempts per PRACH occasion.
The possible RACH response sizes could then be (note that no byte allignment is needed for these values):

	Number of preambles acknowledged
	Size of RACH response (without PDSCH CRC)

	0 (only load control parameter sent)
	8

	1
	56/64 (without or with load control parameter)

	2
	112/120

	3
	168/176

	4
	224/232

	5
	280/288

	6
	336/344

	7
	392/400

	8
	448/456


2.3 Dynamic BCCH

The dynamic BCCH is to carry system information messages (SI). The latter are of  two sorts: SI-1 and SI-x, where x>1. The payload sizes for these are estimated as follows [4],  [5]:

· SI-1: up to 350 bits (352 bits, byte aligned, without PDSCH CRC);
· SI-x: up to 1200 bits (1200 bits, byte aligned, without PDSCH CRC).
According to the current understanding, SI-1 will contain among other information the scheduling block required to receive subsequent SIs (SI-x, x>1). No segmentation of SIs is performed, given the maximum TB size of 1200 bits. We also note that according to the current assumption on MCS signaling, the latter maximum TB size can not be transmitted in a single sub-frame (i.e. signaling entry does not exist for such high TB size value) in the case of narrow system bandwidth (e.g. 1.4 MHz). The question is whether the assumed maximum size of SI (1200 bits) does also apply to smaller system bandwidth cases: it would preferably need to be reduced there.
3 Obtaining cell level coverage
Paging information, RACH responses as well as system information messages over PDSCH need to be conveyed up to the cell edge, as the eNodeB has no or limited information on the propagation conditions for the targeted UE(s). Also, the coverage of these messages should be designed on par with the one of the corresponding signalling entity on PDCCH, which may yield a limiting factor in the case of small system bandwidths such as e.g. 1.4 MHz. One commonly considers a target of 98% coverage reliability at 1% block error rate in 3GPP case 3.
3.1 Diversity

When transmission needs to be extended over several sub-frames (e.g. by means of soft-combining) time diverse transmission proves to be beneficial, especially for large payloads and narrow system bandwidths, as depicted for BCCH transmission in [6]. While a maximum of four transmissions in time would be sufficient for 5 MHz system bandwidths and beyond, we feel that more retransmissions might be needed for smaller system bandwidths such e.g. 1.4 MHz. Resource allocation in the frequency domain should also aim at maximizing the use frequency diversity, e.g. by spreading the allocated PRBs across the bandwidth.
3.2 Limiting the RB signaling space
According to the agreement we have 5 bits to indicate the actual RBs to be used for the data on the PDSCH. Taking into account the need for frequency diversity and efficient signaling, the starting point would be to reuse an existing resource allocation scheme such as type 2 [7] and allocate PRBs across the bandwidth e.g. by using the VRB-to-PRB mapping agreed for distributed transmission [1, 8]. The latter provide us with fourth order frequency diversity and 5 bits allow us to allocate up to 32 PRBs which should cover the needs for transmitting BCCH, RACH response and paging messages up to the cell-edge. The idea is to use the interleaver agreed for distributed transmission which is defined in [8], with the exception that the same PRBs are used in both slots (i.e., the interleaver provides us here with a PRB allocation spread over the system bandwidth and two slots of the sub-frame). We recall the interleaver definition from [8] below:
· Block interleaver

· Block interleaver with Ncol columns and Nrow rows 
· Write row-by-row 

· Read column-by-column 

· Nnull nulls are inserted in the last Nnull/2 rows of the 2nd and 4th column. Nulls are skipped when reading out. 
· Dimensions
· Ncol=4, Nrow=(N’RB/(4P)(*P 
· for 1st gap, N’RB=2*min(g1, NRB- g1)
· for 2nd gap, N’RB=2g2
· Nnull = Ncol*Nrow- N’RB
The gap values g1 & g2 are specified as a function of the system bandwidth in [8] and are needed in order to construct the interleaver. In the following, we provide an example of such an interleaver in the case of 5 MHz bandwidth (25 RB) which sets the RGB size to P=2 and the gap value to g1=12:
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Table 1 Proposed block interleaver for VRB-to-PRB mapping in Format 1C resource allocation (example case of 5 MHz bandwidth). 
In the eventuality that BCCH, RACH response and paging messages would need to be allocated within the same sub-frame, it is proposed to use three different offsets in the resource (VRB) allocation. In other words, this means that BCCH, RACH response and paging allocation would occupy each one third of the whole allocation and hence use one third of the interleaver each. For instance, BCCH starts at the beginning of the table, RACH response begins at 1/3 of the table and paging allocation comes from 2/3 of the table onwards.
One advantage with this is that it can coexist nicely with ordinary distributed allocations without causing any blocking.
4 Conclusions

This contribution clarifies the number of bits needed for the different Format 1C signaling types and points out a potential problem for the lower bandwidths in both capacity and coverage. A resource allocation scheme is proposed for the signaling with 5 bits that uses previous decisions on (distributed) resource allocation signaling in order to achieve a good frequency diversity. The scheme uses the interleaver table specified for distributed transmission in order to obtain the PRB allocations in frequency but unlike distributed transmission uses the same RBs in both slots.
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