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Introduction
At RAN1 #78bis, the study item on small data transmissions for UMTS was initiated [1]. As part of this study item, a set of coverage evaluations for several physical channels were presented and discussed in RAN1 #79. There it was identified that PCH over S-CCPCH is one of the channels that would benefit from a coverage improvement to balance its coverage with respect to other physical channels which already offer a better coverage.
This contribution discusses how the coverage of PCH on S-CCPCH can be extended by supporting an alternative smaller transport block size.
Contents on the PCH
The RRC messages transmitted on the PCH are PAGING TYPE 1 messages on the PCCH logical channel. One or several UEs (up to 8), can be paged in one message using different paging records. The message can also contain other information.
The contents of the PAGING TYPE 1 message are outlined below (from TS 25.331):
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Message Type
	MP
	
	Message Type
	
	

	UE Information elements
	
	
	
	
	

	Paging record list
	OP
	1 to 8
	
	
	

	>Paging record
	MP
	
	Paging record 10.3.3.23
	
	

	Other information elements
	
	
	
	
	

	BCCH modification info
	OP
	
	BCCH modification info 10.3.8.1
	
	

	ETWS information
	OP
	
	ETWS information 10.3.8.4ea
	
	REL-8



The size of the paging records varies depending on what identity that is used to address the UE. A UTRAN U-RNTI identity is 32 bits long, while a CN IMSI (GSM-MAP) identity is 24-84 bits long (typically 60). Hence, the number of paging records that can be fitted into one PCH transport block (which is of fixed size) will depend on the identities used.
If the encoded message does not fill a PCH transport block, the RRC layer shall add padding. 
Assuming a typical PCH transport block size of 240 bits, 5 paging records can be fitted if U-RNTI identities are used, while only 3 paging records fit if long IMSI identities are used. Note that not all paging records in one PAGING TYPE 1 message need to use the same type of UE identity.
It is the RNC that is in charge of deciding how many and which paging records to put into a particular PCH transport block. It shall be noted that in many deployments the paging capacity is fairly high, which leads to a need of supporting multiple paging records per transport block.  
PCH performance as function of transport block size
The energy needed to transmit a PCH transport block depends on the size of the transport block. The smaller the transport block, the lower the required transmit power.
Example simulations have been performed for three different PCH mappings. In all three cases a SF128 S-CCPCH is used, and the TTI is 10 ms. However, two different transport block sizes have been studied, 240 bits and 80 bits (which will be used as examples in the following). Note that we assume that rate matching ensures that both the transport block sizes fill the physical channel completely, i.e. no DTX is used. This is the result if the PCH is defined to have only one non-zero transport format, either 1x240 or 1x80. A 16 bit CRC is added in both cases. For the 240 bit transport block we assume a rate 1/2 convolution code, making the PCH mapping identical to the one defined in TS 34.108, see Annex B, and the results presented at RAN1 #79 [3]. For the smaller transport block size there is room for a lower rate code, so both rate 1/2 and rate 1/3 have been simulated.
The S-CCPCH transmit power is set to -0.5 dB from P-CPICH, and the rest of the simulation parameters follows the agreed reference scenario, see Annex A. The simulation results are shown in Figure 1 below.

[image: cid:image001.png@01D03A36.2DF5E8C0]
Figure 1: S-CCPCH BLER as a function of transport block size and convolutional coding rate.
As can be seen from the results, the smaller transport block size results in significantly lower required Ec/Ior, translating into a coverage gain for a fixed S-CCPCH power. The reduction in Ec/Ior is close to the reduction in number of coded bits (80+16+8 compared to 240+16+8 corresponds to -4.0 dB). Using a lower coding rate of 1/3 instead of 1/2 and relying on a bit less repetition in rate matching provides an additional benefit, but on the whole this benefit is small in comparison to the major benefit of using a smaller transport block size.

Supporting multiple transport block sizes on PCH
As stated above, the paging capacity need (transmitted paging records per second), is fairly high in many deployments. This makes it unrealistic to statically decrease the PCH transport block size from e.g. 240 bits to 80 bits to increase the coverage. However, to be able to reach UEs in very bad coverage (which will be only a limited part of the UE population), it may be useful to be able to use a smaller transport block size when addressing these UEs.
The RNC may have prior knowledge of the radio situation in the UE, e.g. from an earlier CELL_FACH/CELL_DCH session, and use this knowledge to fit fewer paging records (e.g. only the one targeting the bad coverage UE) than normal into a smaller transport block to get a coverage benefit.
The RNC could also let the selection of transport block size depend on the amount of repetition of pages. E.g., the RNC could have a rule that says that paging records are fitted into the normal (large) transport block size, unless some paging record has been repeated a number of times already with no response from the UE, in which case the RNC will make a focused effort on getting that paging record through by putting the paging record in a smaller transport block.
Note that the above mentioned methods rely on the RNC having knowledge about a particular UE’s whereabouts and the paging process for a particular UE. This is possible in URA_PCH, where the RNC is in charge of initiating and running the paging process (scheduling and repeating the paging records).
It should be noted that the method of using smaller transport block sizes to increase coverage for new UEs can be combined with the method of increasing the power of the S-CCPCH carrying the PCH [3]. Further, if the paging capacity need is low, so RNC only has e.g. one paging record to send in the current TTI, then this transmission can be done more cheaply if a smaller transport block size is used and transmission power is adapted to this.
The new transport format
It shall be noted that the new transport block size and old transport block size are not two different transport formats in the traditional sense. If we just extend the transport format table with one more transport format, e.g.
TF0 = 0x240
TF1 = 1x80     new smaller TB
TF2 = 1x240
the result will not be a transport block that uses less transmit power. The energy required will be decreased, but the power will remain, since the rate matching will match the largest transport format 1x240 to fit the S-CCPCH, and DTX bits will be inserted for the 1x80 transport format.
Moreover, it seems dangerous to assume that legacy UEs would work well with this new definition of the PCH channel (which is broadcast on the BCH). 
Hence, what we would like to achieve is the possibility to run the PCH just as before (say SF128, CC1/2, TF0=0x240, TF1=1x240), but for new UEs that support the PCH coverage extension an alternative smaller transport block size is supported (say SF128, CC1/2, TF=1x80). The rate matching shall be done in such a way that both the 1x240 and the 1x80 transport formats fill the S-CCPCH without any DTX.
In order to prevent problems with legacy UEs it is preferred to not change the S-CCPCH slot format to support TFCI. Hence, a solution where the new UE supports blind detection of the new alternative transport format is preferred. A UE would then upon detection of the paging indicator (PI) it is monitoring on PICH proceed with decoding of the PCH, first trying to decode the “normal” TF 1x240 and then if the CRC fails proceed to try to decode the 1x80 format. The order in which the UE tries the two transport format hypothesis is left up to UE implementation.
As a further possibility, if blind decoding is seen as an additional complexity in the UE receiver that will cost processing and hence battery power, it could be possible to provide guidance on the transport format used on the PICH. The PICH today carries a number of PIs mapped to 288 bits out of the 300 bits available on the SF256, 10 ms radio frame, see Figure 1 below. This leaves 12 bits unused, which are today DTXed. Potentially these 12 bits could be used to instruct the new UEs about the transport format used on the PCH. E.g., setting all the 12 bits to +1 could mean “use the special small TF (TF=1x80)”, while all 12 bits set to -1 could mean “use the normal TF as defined in system information (TF=1x240)”. ON/OFF keying could also be used, where DTX means “use the normal TF as defined in system information (TF=1x240)” and setting all the 12 bits to +1 could mean “use the special small TF (TF=1x80)”.
[image: ]
Paging Indicator Channel (PICH) structure.
It needs to be further discussed if the complexity of introducing new signaling on the 12 free bits on the PICH can be motivated. Maybe the cost of doing an occasional blind detection of an additional transport format is not too high.
If a new smaller transport block size is introduced, further discussions are needed on what transport block size that should be the target. In addition it needs to be determined if it is only the transport block size that would be specific for this new format, or if changes to e.g. the convolutional coding rate is worthwhile.
It is envisioned that the new UEs supporting an alternative transport block size would be informed via RRC (system information) about the presence of such a new transport block size. Old UEs would not even be aware of this possibility, and will continue to monitor the normal PCH format.
Currently, the frame protocol over Iub for PCH DATA FRAMES supports multiple transport block sizes as part of its support of multiple transport formats (TFI is signaled in the data frame). Hence, if the new transport block size is seen as a new transport format (e.g. TF2, extending the already existing TF0 and TF1 formats), it can be supported with no impact on the frame protocol. However, from an RRC signaling point of view care needs to be taken to not confuse legacy UEs with this new TF2 transport format. Also from physical layer point of view some special care needs to be taken if the new transport block size is just seen as an additional transport format. The rate matching performed should be made in such a way that all physical channel bits are used without DTX, which requires the rate matching for the TF2=1x80 to ignore the larger TF1=1x240 when calculating the rate matching parameters.
In principle the proposed techniques could be used to introduce multiple new transport block sizes, e.g. by letting UE blindly test even more transport block size hypothesis, or using the 12 bits on PICH to point to different transport formats, similar to the role of the TFCI. However, the benefit of such a more flexible solution would then need to be compared to the added specification/implementation complexity.
[bookmark: _In-sequence_SDU_delivery]Conclusion
In this contribution the possibility of extending PCH coverage by supporting an additional smaller transport block size has been presented. As has been shown, significant coverage gain is possible.
Proposal 1: Continue to study the use of an alternative smaller transport block size for PCH for new UEs
Proposal 2: Capture this idea in the TR 25.705, a text proposal in [5]
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Annex A
At RAN1#78bis, the following simulation assumptions were agreed:

	Parameter
	Assumption

	TBS
	120 bits (HS, EUL)

	UE capability
	Rel-12, supporting any legacy feature improving coverage

	Number of UE antennas
	1 antenna

	Number of Node B antennas
	2 antennas (uncorrelated)

	Maximum UE carrier transmit power
	23 dBm at antenna connector

	Maximum Node B carrier transmit power
	43 dBm at antenna connector

	UE receiver noise figure
	9 dB

	Node B receiver noise figure
	5 dB

	Downlink common channel power settings
	P-CPICH: -10 dB from max carrier power
P-SCH: -12 dB
S-SCH: -13.5 dB
P-CCPCH (BCH): -12 dB
For other channels reasonable power settings can be proposed. 

	DL inter-cell interference
	No inter-cell interference

	Soft/softer handover
	No soft/softer handover

	Downlink OCNS
	OCNS added to fill up DL carrier power

	Uplink rise-over-thermal (RoT) operation point
	10 dB

	Channel model
	Ped A 1 Hz Doppler spread, AWGN static channel

	Carrier frequency
	2.0 GHz

	Frequency error
	20 kHz, 1 kHz optional, in cell search simulations

0 otherwise

	Beta values
	To be provided with evaluation results




Annex B
TS 34.108 provides guidance on how typical configurations of the PCH channel looks like:

[bookmark: _Toc106528591]6.10.2.4.3	Combinations on SCCPCH
[bookmark: _Toc106528592]6.10.2.4.3.1	Stand-alone signalling RB for PCCH
6.10.2.4.3.1.1	Transport channel parameters
6.10.2.4.3.1.1.1	Transport channel parameter of SRB for PCCH
	Higher layer
	RAB/signalling RB
	SRB

	
	User of Radio Bearer
	RRC

	RLC
	Logical channel type
	PCCH

	
	RLC mode
	TM

	
	Payload sizes, bit
	240 (alt. 80)

	
	Max data rate, bps
	24 000 (alt. 8 000)

	
	TrD PDU header, bit
	0

	MAC
	MAC header, bit
	0

	
	MAC multiplexing
	N/A

	Layer 1
	TrCH type
	PCH

	
	TB sizes, bit
	240 (alt. 80)

	
	TFS
	TF0, bts
	0x240 (alt. 0x80)

	
	
	TF1, bits
	1x240 (alt. 1x80)

	
	TTI, ms
	10

	
	Coding type
	CC 1/2

	
	CRC, bit
	16

	
	Max number of bits/TTI before rate matching
	528 (alt. 208)

	
	RM attribute
	210 to 250



6.10.2.4.3.1.1.2	TFCS
	TFCS size
	2

	TFCS
	SRBs for PCCH = TF0, TF1



6.10.2.4.3.1.2	Physical channel parameters
	SCCPCH
	TFCS size
	2

	
	DTX position
	Fixed

	
	Spreading factor
	128 (alt. 256)

	
	Number of TFCI bits/slot
	0

	
	Number of Pilot bits/slot
	0

	
	Number of data bits/slot
	40 (alt. 20)

	
	Number of data bits/frame
	600 (alt. 300)
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