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1 Introduction
In RAN1#52bis, the PDCCH format 1C for transmission of BCCH, RACH Response and Paging was agreed. The content is as follows. 

· Always use QPSK on related PDSCH transmission

· Contents 

· 16 bits RNTI/CRC

· 3 bits MCS

· [5 bits] RB assignment 

· 2 bits RSN 

RAN1 received an LS[1] from RAN2 which informs about the size of BCCH, RACH Response and Paging message. This contribution discusses the PDCCH format 1C signaling based on this information. 
It should be noted, that it is FFS in RAN1 whether format 1A is additionally used for the RACH Response because only format 1C in common search space may not be sufficient for some operation scenarios - especially for TDD. This document discusses only the contents of the format 1C. 
2 Contents of PDCCH format 1C 

2.1 BCCH 
MCS(TBS) field

For BCCH the smallest size would be 250~350 bits for SI-1 according to [1]. The maximum size being discussed for SI-x (x>1) is around 1200 bits. Further, on the handling of ETWS where the payload size is up to 9840 bits [1], SA1 agreed that it is only for RRC_Idle. Therefore, a separate discussion on this from a UE capability perspective, e.g. simultaneous reception of BCCH and unicast data, is needed, since the “normal” BCCH should be received simultaneously in RRC_Connected. 
As mentioned in [1], the size of the system information varies depending on optional information elements. In order to make use of the existing TBS definitions, it is beneficial that the TBS to be supported on BCCH is chosen from the already defined TBS table in [2] as much as possible to minimize the testing. We propose that the 3 bit MCS field indicates the following TBSs: 
TBS = {264, 392, 520, 648, 776, 904, 1032, 1224} 
It should be noted, that the TBSs above should be reviewed by RAN2.

RB assignment field 

According to the simulation results in [8-11], effective coding rates of 1/24~1/12 for narrower bandwidth, e.g. 1.4MHz, and 1/16~1/8 for wider bandwidth, e.g. (5MHz, are necessary to achieve sufficient coverage depending on the channel condition and the number of transmissions (HARQ without ACK/NACK). Therefore, it is required that the number of RBs can be assigned such that coding rates of 1/24~1/8 can be achieved for each payload size. Furthermore, sufficient flexibility of the number of RBs is desired to support above coding rates with various number of transmissions because the eNB can transmit a transport block several times to obtain time diversity with the number of transmissions depending on the deployment, e.g. system bandwidth, cell radius. 
Therefore, we propose to allow allocation sizes of up to 32 RBs to support sufficiently low coding rates for the defined TBSs (assuming up to four transmissions). This is verified in Table 2 in the Annex, which shows the required number of RBs to achieve coding rates of 1/24~1/8 for 1, 2 and 4 transmissions. In order to allow transmitting a large payload size with a small number of RBs especially for narrow system bandwidth, where only small number of RBs is available and larger number of retransmissions is carried out, we propose to support all combinations of allocation sizes and payload sizes. Therefore, our suggestion is that a 5bit RB assignment field indicates the number of (V)RBs as follows: 
· 5bits indicate the number of (V)RBs (1-32). 

· Contiguous (V)RBs starting from (V)RB 0 are assigned.
When BCCH, RACH response and/or Paging are multiplexed in the same subframe, a collision can be avoided by shifting the start (V)RB for RACH Response and/or Paging (as described in successive sections). The collision with persistently allocated RBs can be avoided by shifting the subframe for BCCH or by overriding persistent allocations with dynamic assignments. 
RSN field 

2 bits RSN is necessary to indicate the redundancy version. 

2.2 RACH Response  

MCS(TBS) field

According to [1], the size of the MAC Random Access Response for a random access preamble is 7 bytes (56bits), and one RACH Response message should support up to 8 ~16 MAC Random Access Responses. A one byte backoff indication may optionally be present. 
Because the backoff indication will not be transmitted frequently, we propose to design the TBS based on multiples of 7 bytes. When the backoff indication is transmitted, padding is carried out. 
Regarding the number of MAC Random Access Responses per RACH Response message, although supporting a larger number of MAC Random Access Responses is beneficial in case of high RACH utilization, this causes a larger number of signaling bits or more padding loss. On the other hand, supporting a lower number of MAC Random Access Responses could cause an increase of the number of PDCCHs. We think the support of up to 8 MAC Random Access Responses is a good tradeoff between signaling overhead and padding loss. Note that it can happen that multiple RACH Response messages in reply to random access preambles from different subframes are transmitted in a single subframe within the time window. In this case more than 8 MAC Random Access Responses can be indicated by using multiple PDCCHs.  
Therefore, we propose a 3 bit MCS field indicating 1-8 MAC Random Access Responses (0-7 when backoff indication is transmitted). The TBS size is as follows. 

TBS = {56, 112, 168, 224, 280, 336, 392, 448} 

Because the size of a MAC Random Access Response does not vary, the exact TBS values should be defined to avoid unnecessary padding (except adding the backoff indication). The proposed values are aligned with the QPP interleaver sizes.
RB assignment field 

Coding rates of 1/30~1/17 for narrow system bandwidth(e.g. 1.4MHz) and 1/11~1/15 for wide system bandwidth(e.g. (5MHz) are necessary to achieve sufficient coverage [8], since retransmission (i.e. HARQ without Ack/Nack) is not supported for RACH Response messages. We propose allocation sizes of up to 32 RBs also in this case. As seen in Table 3 in the Annex, which shows the required number of RBs to achieve coding rates of 1/24~1/8 for RACH Response payload sizes, up to 30 RBs are necessary to achieve a coding rate of 1/16. 
Therefore, our proposal is as follows. 
· 5 bits indicate the number of (V)RBs (1-32). 
· 2 bits indicate the (V)RB start index, e.g. {0, 1/4, 1/2, 3/4}*NRB. 
The 2 bits for indicating the VRB start index are used to allow multiplexing of BCCH, RACH Response and/or Paging in the same subframe with a reasonable flexibility. By this also collisions with persistently allocated resources can be avoided. 
Note that the 2 bits are taken from the RSN field which is not necessary for the RACH Response because HARQ is not used. 
2.3 Paging 
MCS(TBS) field

Because the payload size for paging message is not provided in [1], we assume a message size in Table 1. 
Table 1 Paging message size
	Field
	Number of Bits

	UE-ID
	40bits (S-TMSI)

~60bits (IMSI) 

	Paging cause 
	3bits

	Paging record list
	3bits

	SystemInfo Modification (optional)
	4-5bits


Therefore, the total number of bits per UE is 50-70 depending on the UE-ID type (S-TMSI or IMSI). Because the size of paging message varies, we propose to use identical TBS values to the RACH Response message in order to minimize the UE complexity. The TBS sizes are as follows: 
TBS = {56, 112, 168, 224, 280, 336, 392, 448}  

RB assignment field 

Because the supported TBS values are identical to RACH Response, the RB assignment scheme is also identical, i.e.: 
· 5 bits indicate the number of (V)RBs (1-32). 
· 2 bits indicate the (V)RB start index, e.g. {0, 1/4, 1/2, 3/4}*NRB. 
Note that the possibility of PDCCH indicating system information change has been discussed in RAN2 [12]. In this case, bit(s) to indicate the system information change is necessary. 
3 Resource allocation 

For a reliable transmission of BCCH, RACH Response and Paging message, it is beneficial to distribute the PRBs across the system bandwidth, which maximizes the frequency diversity. The following three alternatives are considered to achieve frequency diversity with a small signaling size. 
· Alt 1: DVRB [6]
It is a straightforward approach to use the existing DVRB mechanism for PDSCH using the index interleaver to achieve frequency diversity transmission with 4th order diversity. The merit is to efficiently multiplex BCCH, RACH Response and Paging message with DVRB UEs which are persistently allocated. Note that the DVRB mapping is aligned with the RBG size which is used for localized transmissions. Therefore, a co-existence with localized UEs is also efficient. 
· Alt 2: Localized RB with index interleaving without hopping [4]
This alternative is similar to DVRB, but the same PRBs are used for both slots, i.e. hopping is not used. The VRB to PRB mapping on the 1st slot is identical to the mapping defined for DVRB, and the same PRB is also used in the 2nd slot. The frequency diversity is reduced compared to Alt1 in case of allocation sizes smaller than 4RBs. Because the mapping rule is aligned with the DVRB rule, efficient multiplexing with DVRB UEs and localized UEs is possible. 
· Alt 3: Mirror type mapping [5]
The mapping rule is defined such that PRBs are allocated from both edges of the system bandwidth. This achieves 2nd order frequency diversity, i.e. the diversity order is reduced compared the Alt1 and Alt2. Co-existence with DVRB UEs is difficult especially when the resource allocation size for BCCH/RACH response/Paging is large. 
Due to the larger frequency diversity gain and the efficient multiplexing with DVRB UEs, Alt 1 or Alt 2 should be selected. We have a slight preference towards Alt 1, since the frequency diversity for small allocation is superior to Alt 2, although in most cases at least 2-3 RBs are required to achieve sufficient coverage. 
4 Conclusion
In this contribution, we propose the content structure of the PDCCH format 1C. The structure supports on the one hand flexible coding rates to achieve sufficient coverage in various environments and on the other hand flexible resource allocations to allow multiplexing of BCCH, RACH Response and/or Paging in the same subframe. Our proposals are as follows. 

For BCCH, 
· 3bits MCS(TBS) field indicating TBS={264, 392, 520, 648, 776, 904, 1032, 1224}

· 5bits resource allocation field indicating the number of allocated VRBs (1-32). Contiguous VRBs starting from VRB 0 are assigned.

· 2 bits RSN indicating the redundancy version used for the transmission

For RACH Response,

· 3bits MCS(TBS) field indicating TBS = {56, 112, 168, 224, 280, 336, 392, 448}

· 7bits resource allocation field 

· 5bits indicating the number of allocated VRBs (1-32). 
· 2bits indicating the VRB start index, e.g. {0, 1/4, 1/2, 3/4}*NRB. 
For Paging,

· Identical MCS(TBS) and resource allocation fields to the RACH Response
Note that the TBS values should be reviewed by RAN2. 

In addition, we propose to use the existing DVRB mapping rule as for the PDSCH transmission to achieve frequency diversity with a small signaling overhead, which can efficiently co-exist with localized and DVRB UEs.  
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Annex 

Table 2 required number of RBs to achieve coding rate 1/8~1/24 for BCCH payload size 
(11OFDM symbols for PDSCH, 120REs/RB is assumed)
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payload R=1/8 R=1/12 R=1/16 R=1/24 payload R=1/8 R=1/12 R=1/16 R=1/24 payload R=1/8 R=1/12 R=1/16 R=1/24

264 9 14 18 27 264 5 7 9 14 264 3 4 5 7

392 14 20 27 40 392 7 10 14 20 392 4 5 7 10

520 18 26 35 52 520 9 13 18 26 520 5 7 9 13

648 22 33 44 65 648 11 17 22 33 648 6 9 11 17

776 26 39 52 78 776 13 20 26 39 776 7 10 13 20

904 31 46 61 91 904 16 23 31 46 904 8 12 16 23

1032 35 52 69 104 1032 18 26 35 52 1032 9 13 18 26

1224 41 62 82 123 1224 21 31 41 62 1224 11 16 21 31


Table 3 required number of RBs to achieve coding rate 1/8~1/24 for RACH Response payload size (11OFDM symbols for PDSCH, 120REs/RB is assumed)
[image: image2.emf]payload R=1/8 R=1/12 R=1/16 R=1/24

56 2 3 4 6

112 4 6 7 11

168 6 8 11 17

224 8 11 15 22

280 10 14 19 28

336 12 17 22 34

392 14 20 26 39

448 15 22 30 45
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