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Discussion and Decision
1
Introduction
In RAN1#79, it was agreed that –

· RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage. 
· The random access response (RAR) messages for Rel-13 low complexity UEs and UEs operating coverage enhancements (CE) are transmitted separately from RAR messages for other UEs. Also, RAR intended for Rel-13 low complexity UEs and UEs operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.
· 
Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.
In addition, RAR/Paging message intended for Rel-13 low-complexity UE and/or UE in enhanced coverage can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels. In this contribution, we further consider the issue of SIB/RAR/Paging transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.
2
SIB
In RAN1#79, it was recommended by RAN1 to introduce new SIB(s) for Rel-13 low complexity MTC (LC-MTC) UEs in normal and enhanced coverage. This is because Rel-13 LC-MTC UE (1) cannot receive PDCCH which schedules transmissions of legacy SIBs, (2) can only receive SI-messages in at most 6 contiguous PRBs and (3) can support the maximum TBS of approximately 1000 bits. In this contribution, we will refer to the new SIB(s) as M-SIB(s) to denote their association with machine type communications.

Based on SIB performance results presented in [1], it is seen that a large number of repetitions would be required to transmission new SIBs for LC-MTC UE. This is shown in Table 1 where up to 480 transmissions would be required to achieve 1% BLER for SIB size of 328 bits and SNR of -14.2 dB (corresponding to MCL of 155.7 dB). The results from Table 1 show that PDSCH capacity is low for LC-MTC UE. It is therefore beneficial to try to minimize the information content of the SIB as much as possible.
Table 1. Approximate number of subframes required for 1% BLER – 6 PRBs, SNR=-14.2dB.
	SIB size 

(bits)
	1 Rx antenna
	2 Rx antennas

	
	EPA1
	ETU1
	EPA1
	ETU1

	152
	240
	128
	50
	32

	328 
	480
	250
	120
	64

	504
	520
	480
	160
	100

	1000
	800
	700
	310
	180


For UEs with 2Rx antennas, results from Table 1 show that the number of repetitions required in enhanced coverage is still very large. For example, it would require 120 transmissions (or, equivalently 720 PRBs) to transmit SIB of size 328 bits.  Thus, it would require large amount of overhead to repeat both M-SIB(s) for Rel-13 LC-MTC UEs and legacy SIB(s) for UEs of other category in coverage enhancement mode. Therefore, it is proposed that UEs of other category in enhanced coverage can use the new M-SIB(s).
Proposal 1: UEs of other category in enhanced coverage can use the new M-SIB(s).
When DCI Format 1C is used for scheduling SIB transmissions, the TBS table is given in Table 2. Since the maximum TBS is approximately 1000 bits, only 24 entries are valid, requiring 5 bits to signal. If the entries can be further reduced, then only 3 or 4 bits would be required to signal the TBS entry for M-SIB(s). For example, it may not be necessary to support both 328 and 336 sizes. Reducing the number of entries will reduce the associated downlink control signaling and help improve performance. 
Observation 1: A reduced TBS table can be used for M-SIB(s).
Table 2. TBS Table for DCI 1C.
	I_TBS
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TBS
	40
	56
	72
	120
	136
	144
	176
	208
	224
	256
	280
	296
	328
	336
	392
	488

	I_TBS
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	TBS
	552
	600
	632
	696
	776
	840
	904
	1000
	1064
	1128
	1224
	1288
	1384
	1480
	1608
	1736


M-SIB1
Similar to SIB1 transmission, M-SIB1 should also be transmitted on a fixed cycle to avoid extensive blind decoding of the control channel by the UE. In addition, it would be beneficial for the frequency location to be known as well since the UE is capable of receiving and buffering only 6 PRBs at a time. Therefore, one simple proposal is for the M-SIB1 to be mapped to the central 6 PRBs.
Observation 2: Mapping M-SIB1 transmission to central 6 PRBs within the system bandwidth could simplify the M-SIB1 acquisition procedure.
Mapping M-SIB1 to center 6 PRBs is simple but will not enjoy potential gain from frequency diversity through hopping. However, there are several potential issues with frequency hopping – e.g. re-tuning time and channel estimation. Long re-tuning time can lead to a loss of some data symbols or the need to have transmission gaps between hops. Multi-subframe channel estimation may not be possible with frequency hopping unless slow hopping is used or hopping is always done between fixed locations. Figure 1 shows PDSCH performance with hopping using multi-subframe channel estimation. At the 1% BLER point, there is a gain of up to 1 dB. This may result in up to 25% reduction in the number of required repetitions. Hence, frequency hopping should be studied further. If frequency hopping is supported, a fixed hopping pattern can be defined.
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Figure 1. PDSCH performance with hopping - MCS5, 6 PRBs – 2Tx-1Rx.
Currently, DCI Format 1A or 1C are used for signaling the resource assignment for the SIB transmissions. The DCI contains resource block assignment, modulation and coding scheme. For SIB transmission, QPSK modulation is used. Therefore, only resource block assignment and TBS information need to be indicated. In case that the frequency region within the system bandwidth is predefined or fixed for M-SIB1 (in the center 6 PRBs for example), it is sufficient to indicate only the TBS. To fix or predefine the TBS of M-SIB1 is not preferred because M-SIB1 may contain different (i.e. optional) information due to the variations in the capability of the cell. If some restrictions are imposed on defining the content of M-SIB1 to fix the size (e.g. to define reserved spare bits or to define all IEs mandatory even if they may not be configured by the cell), the RRC ASN.1 definition would be limited and potentially problematic. In addition, M-SIB1 flexibility and extendibility will be lost and future changes to M-SIB1 content may not be possible. Thus, the size of M-SIB1 should remain flexible and indicated to the UE. This may be done using a very compact DCI or signaled in the MIB.
Observation 3: It may be problematic to fix the size of M-SIB1. Instead, the TBS may be indicated using a very compact DCI or signaled in the MIB.
M-SIB(s) other than M-SIB1
Unlike current SIB scheduling which the transmission of the SI message is dynamic based on PDCCH indication within the associated SI-window, the M-SI messages could be transmitted either intermittently or continuously and the transmission pattern could be predefined by specification or broadcasted by M-SIB1 as one new parameter in schedulingInfoList. The latter scheme would allow for flexible transmissions of other M-SIBs. Rel-13 LC-MTC UE could decode the PDSCH transmission of M-SI messages from the subframe derived from the pattern indicated by schedulingInfoList in M-SIB1. The predefined transmission pattern could simplify the reception of SI message because the UE is able to understand exactly at which subframe the SI message is transmitted over PDSCH within the SI-window, thus could also lower the implementation complexity for combining the various repetitions of each SI-message. 
Like the time domain pattern, other scheduling information such as the TBS index and frequency allocation could be added as additional parameter inside the updated schedulingInfoList for each SI-message and the Rel-13 low complexity decodes the PDSCH transmission of M-SI messages based on the those information carried in schedulingInfoList in M-SIB1. By providing the scheduling information from M-SIB1, the SIB transmission without downlink control channel could be achieved and the downlink overhead could be saved accordingly. 
Observation 4: The transmission pattern as well as other scheduling of SI message of M-SIB(s) could be indicated by M-SIB1.
3
RAR
Figure 1 shows the MAC PDU containing RAR message. Each response contains a MAC RAR is of size 48 bits and MAC subheader of size 8 bits. In addition, there is an E/T/R/R/BI MAC subheader of size 8 bits in each MAC PDU. 
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Figure 2. MAC PDU for RAR (36.321).
Table 3 shows the approximate number of subframes that would be required to transmit MAC PDU with various number of RAR records. As shown in the tables, for a given coverage enhancement level, it is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually. For example, 300 subframes would be required to send a MAC PDU containing 4 RAR records, whereas 4*140 = 560 subframes would be required to send 4 RAR records separately. This is due to the Turbo coding gain with larger packet sizes as well as from the reduction in CRC overhead. Note that this same observation applies to the SIB as well.
Table 3. Approximate number of subframes required for 1% BLER – 6 PRBs, SNR=-14.2dB, EPA1.
	No of RAR records
	1
	2
	4
	8

	No of subframes
	140
	240
	300
	540


Observation 5: For a given coverage enhancement level, it is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually.
The PDSCH repetition/TTI bundling makes it is possible to multiplex the response for the preambles detected during a specific RACH opportunity in the same MAC RAR PDU. Each UE may has different requirement for coverage improvement during RA procedure, the multiplex of the RARs from UEs with different repetition level/TTI bundle size may lead to either failed reception of MAC RAR PDU due to insufficient number of repetition or waste of downlink resource because of the excessive repetition.

Observation 6: The RAR records in the same MAC RAR PDU shall address UEs with the same repetition level/TTI bundle size.
In order to reduce the overhead of control channel for Rel-13 low complexity UEs, a semi-static resource allocation for RAR message can be defined. This would allow the UE to be able to detect PDSCH transmission without the need to decode EPDCCH. However, this would require the RAR message size to be fixed (e.g. only one RAR record in the MAC RAR PDU). As shown in Table 3, this is inefficient. Furthermore, RAR is not sent at a fixed time but within a response window. With the control-less solution, the UE may not know the exact subframe at which the PDSCH transmission would occur; it may blindly decode the transport block over PDSCH from the predefined frequency region at each subframe within the RACH response window. As a result, RAR transmission without control channel may increase overhead and UE power consumption.
Observation 7: RAR transmission without an associated control channel may increase overhead and UE power consumption.

4
Paging
A paging message contains a list of paging records, system information modification indication, and ETWS indication. Each paging record contains the UE identity (either IMSI or S-TMSI) and the CN domain. If the S-TMSI is used, each paging record comprises 41 bits. If IMSI is used, each paging record comprises maximum of 72 bits. Thus, each paging record is of similar size to a RAR record so therefore the capacity estimates for paging are similar to that of the RAR shown in Table 3. Thus, the same observation may be made that, for a given coverage enhancement level, it is more efficient to send multiple paging records in one MAC PDU rather than send each paging record individually.
Observation 8: For a given coverage enhancement level, it is more efficient to send multiple paging records in one MAC PDU rather than send each paging record individually.

In case of the PDSCH repetition/TTI bundling, the multiplexing of the paging records from UEs with different repetition level/TTI bundle size may lead to either failed reception of RRC paging message due to insufficient number of repetition or waste of DL resource because of the excessive repetition.

Observation 9: The paging records in the same RRC paging message shall address UEs with the same repetition level/TTI bundle size. 

Paging transmission without associated control signalling faces the same issues as RAR transmission as discussed in Section 2. Without the control channel, the UE cannot know if the PDSCH transmission for paging occurs at a paging occasion (PO). Thus, it will blindly decode the transport block over PDSCH at each PO from each PF. In addition for those UEs which monitor the same PO for detecting the presence of paging message, there is a risk that a UE will incorrectly attempt to decode the paging message addressed to another UE. This would lead to an increase in UE power consumption due the continuous reception attempt.
In addition, there might be a risk that the system does not always have enough contiguous regions for paging message within the narrowband areas for all the UEs which are expecting the potential paging message from the same PO/PF. If it is impossible to send the paging message in the first PO due to lack of the resource, the paging messages for some UEs might be scheduled in subsequent POs according the DRX cycle. This would result in the delay for responding the service request initiated from network especially if the DRX cycle is extended in the future.
Observation 10: Paging transmission without an associated control channel may increase overhead and UE power consumption.
5
Conclusion
In this contribution, we consider SIB/RAR/Paging and make the following proposal and observations–

SIB
Proposal 1: UEs of other category in enhanced coverage can use the new M-SIB(s).
Observation 1: A reduced TBS table can be used for M-SIB(s).
Observation 2: Mapping M-SIB1 transmission to central 6 PRBs within the system bandwidth could simplify the M-SIB1 acquisition procedure.
Observation 3: It may be problematic to fix the size of M-SIB1. Instead, the TBS may be indicated using a very compact DCI or signaled in the MIB.
Observation 4: The transmission pattern as well as other scheduling of SI message of M-SIB(s) could be indicated by M-SIB1.
RAR
Observation 5: For a given coverage enhancement level, it is more efficient to send multiple RAR records in one MAC RAR PDU rather than send each RAR record individually.

Observation 6: The RAR records in the same MAC RAR PDU shall address Rel-13 low complexity UEs with the same repetition level/TTI bundle size.
Observation 7: RAR transmission without control channel may increase overhead and UE power consumption.

Paging
Observation 8: For a given coverage enhancement level, it is more efficient to send multiple paging records in one MAC PDU rather than send each paging record individually.

Observation 9: The paging records in the same RRC paging message shall address UEs with the same repetition level/TTI bundle size. 

Observation 10: Paging transmission without an associated control channel may increase overhead and UE power consumption.
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