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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 alignment 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


According to [5] RAN2 expects no more than 16 responses per RACH, which would mean 896 bits as an absolute maximum.
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]:

· SI-1: up to 350 bits (352 bits, byte aligned, without PDSCH CRC);
· SI-x except SI-4: up to 1200 bits (1200 bits, byte aligned, without PDSCH CRC).
· SI-4: up to 1500 bits

· ETWS: up to 9840 bits.
According to [5], 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 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.
Regarding the ETWS our recommendation for RAN2 is to transmit it with segmentation in order to ensure proper reception also for the low bandwidths.
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. According to [5] the SI-1 is repeated four times with 20 ms repetition interval and the SI information types have a configurable window where repetitions with different redundancy versions can be transmitted. Maximum 19 repetitions are possible for a SI information type, which seems to be a sufficient number. From [5] it is not clear if repetitions for PCH and RACH responses are possible.

Resource allocation in the frequency domain should also aim at maximizing the use of 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:
	0
	1
	2
	3

	4
	5
	6
	7

	8
	9
	10
	11

	12
	13
	14
	15

	16
	17
	18
	19

	20
	21
	22
	23


Table 1 Proposed block interleaver for VRB-to-PRB mapping in Format 1C resource allocation (example case of 5 MHz bandwidth). 
The interleaver output is shown in the figure


[image: image1]Figure 1. Interleaver output
Slot hopping should not be used for these types of allocation, i.e. the same PRBs shall be allocated in both slots in a sub-frame. The combinations of payload and code rate used for these allocations will require multiple RBs to be allocated and sufficient frequency diversity can then be achieved without using different PRBs in different slots. Using slot hopping will potentially leave PRBs unused in the slots were broadcast data is transmitted, unless slot hopping is also implemented for normal user data. The gain from slot hopping for user data is dependent on the traffic type and if the gain in the foreseen traffic scenarios is limited, it is unlikely that this feature is implemented. In general, coupling of independent LTE features should be avoided.

According to recent decisions in RAN1 the common search space is able to accommodate 4 Format 1C PDCCHs at aggregation level 4 and 2 Format 1C PDCCHs at aggregation 8. In order to ensure coverage at the cell border for the PDCCH Format 1C,  we would prefer to always use aggregation 8 and consequently have at most 2 Format C allocations in a subframe.

Because only 5 bits are reserved for the PRB assignment it makes it difficult to utilize the RIV value used in resource allocation type 2. Therefore we propose to always have fixed starting locations and the 5 bit value indicates the length of the consecutive allocations in terms of VRBs.

It is very likely that there is a need to transmit at least two format 1C allocations with different message types in a subframe. As these two allocations could potentially contain any two of the three possible message types we propose to use two different offsets in the resource (VRB) allocation as shown in the figure 1. This means that BCCH and  RACH response with even RA-RNTI start at offset zero and PCH and RACH responses with odd RA-RNTI  start at an offset corresponding to one half of the address space This arrangement makes it also possible to send two RACH responses in a subfarme.
	Information type
	Offset

	BCCH and RACH even
	0

	PCH and RACH odd
	1/2 of VRB space


Table 2. Offsets for different information types
The 5 bit RB assignment defines n consecutive VRBs starting at one of the two offset locations depending of the message type. If an allocation starts at the 1/2 offsets and it exceeds the highest VRB it will wrap around and continue on position 0. Note that if an allocation which starts at zero offset exceeds 1/2 of the table it will preclude the use of the message type corresponding to the ½ offset in that subframe and vice versa. 
One advantage with this is that it can coexist nicely with ordinary distributed allocations without causing any blocking.
3.3 MCS values needed

The problem with transmitting the data for Format 1C is that the information blocks are big in comparison with the maximum TBS for the lowest bandwidths. We have 1500 bits for SI-4 but a 1.4 MHz bandwidth can only accommodate 1296 uncoded bits per subframe for 2 tx antennas (1248 for 4 Tx). This would require a code rate higher than 1. This is a possibility which has been  proposed in [9]. Another possibility is to agree on somewhat smaller information blocks for the low bandwidths so the code rate would be smaller than 1. According to a prior agreement we have 3 bits to signal the MCS. Our assumption is also that we always use QPSK modulation. To summarize, the code rates needed would be the following

· High code rate for transmitting the SI-n where the information blocks are large but where we have a lot of opportunities for repetitions

· Medium code rate for transmitting the SI-1, which is shorter but has only four repetitions (always)

· Very low code rates for PCH and RACH where retransmissions and soft combining are currently not supported
For the PCH we consider a code rate of 1/24 in order to reach the cell edge
	Number of UE paged at the same time
	bits
	CR
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	1
	60
	1/24
	8

	2
	113
	1/24
	14

	3
	166
	1/24
	19

	4
	219
	1/24
	24

	5
	272
	1/24
	30

	6
	325
	1/24
	35

	7
	378
	1/24
	40

	8
	431
	1/24
	46


Table 3. Number of PRBs needed for the transmissions of the PCH
For the RACH response we have in a similar way

	Number of preambles acknowledged
	Size of RACH response
	CR
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	0 (only load control parameter sent)
	8
	1/24
	3

	1
	56
	1/24
	8

	2
	112
	1/24
	14

	3
	168
	1/24
	19

	4
	224
	1/24
	25

	5
	280
	1/24
	30

	6
	336
	1/24
	36

	7
	392
	1/24
	42

	8
	448
	1/24
	47

	16
	896
	1/24
	92


Table 4. Number of PRBs needed for the transmission of the RACH response
BCCH uses retransmissions and does not need low code rates. For SI-n any number of transmission between 1 and 19 can be used. In the table below only a few typical cases are listed.
	BCCH type
	bits
	#Tx
	CR
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	SIB1
	310
	4
	0.3008
	5

	SI-4
	1500
	1
	0.0625
	102

	SI-n
	1200
	1
	0.0625
	82

	SI-4
	1500
	4
	0.2451
	26

	SI-n
	1200
	4
	0.1885
	27

	SI-4
	1500
	10
	0.5878
	11

	SI-n
	1200
	10
	0.5878
	9

	SI-4
	1500
	19
	0.8680
	7

	SI-n
	1200
	19
	0.8680
	6


Table 5. Number of PRBS and code rates for the SI-n when using different number of transmissions.
In tables 3-5 7 different values ranging from 1/24 to 0.8680 have been identified as possible candidates for the code rates. These code rates were obtained as optimum codes for the selected retransmission of 1, 4, 10 and 19 and all except the smallest were selected from the TBS table used for scheduled traffic. For any other number of retransmissions any of these 7 seven code rates can be picked on the discretion of the eNodeB.
4 Conclusions

As a summary 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. It is proposed that the information size is limited for small bandwidths
· Strongly recommends for RAN2 that the ETWS  is transmitted with segmentation in order to ensure proper reception also for the low bandwidths.

· Suggests that Format 1C uses always aggregation level 8 whenever possible
· Proposes a resource allocation scheme for the signaling with 5 bits that uses existing 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.
· Retransmission opportunities for the PCH and RACH response are strongly suggested in order to enable transmission on the lower bandwidths
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