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1	Introduction
In RAN1#98, the following agreements were made [1]:
PDCCH reception in CAS is enhanced by … one of the following: 
-	Aggregation level 16
-	Repetition of aggregation level 8, e.g. time/frequency domain repetition
Note: Only one of the above options can be supported

Enhance PBCH reception with the provision of additional REs for PBCH, e.g., PBCH repetition.
FFS: Details for PBCH repetition
In this contribution, we provide our proposals for the above enhancements to PDCCH and PBCH. We also provide the evaluation results for the PDSCH reception.  
2	PBCH enhancements
In this section, provide the detailed proposal for the PBCH symbol repetitions that improves both the CAS PBCH detection as well as facilitating enhanced frequency tracking at the UE. Our proposal is based on the PBCH repetition adopted for LTE-MTC, with some subtle differences. The key difference with respect to PBCH repetitions in LTE-MTC is that for the CAS in MBMS, we are in an “interference-limited” regime—one where interference randomization is critical to achieving good performance. The issue of interference randomization was discussed multiple times in the past in 3GPP in the context of NB-IoT (e.g. [4,5]), where it was observed that pure repetition leads to unacceptable performance degradation in the presence of interference. 
Figure 1 shows the subframe structure at an RB within the centre 6 RBs. The corresponding symbol notations used in the exposition are also mentioned in Figure 1. 
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[bookmark: _Ref15408470]Figure 1: PBCH repetition framework
For PBCH symbol repetitions, we must satisfy the following constraints:
1.	PBCH symbols {P0, P1} can only be copied to symbols {4, 11} in the CAS subframe
2.	PBCH symbols {P2, P3} can only be copied to symbols {3,12,13} in the CAS subframe
Further, we don’t leave vacancies in the centre 6 RBs. To accomplish this, we copy some PBCH symbols twice, while we copy others only once. Still, within the CAS subframe, every symbol will have at least 2 copies.
From the possible valid mappings of PBCH symbol repetitions, we select the mapping {} for normal CP, and {} for extended CP , following Table 6.6.4-1 for PBCH repetitions in TS 36.211 (by selecting only the repetitions within the same subframe).
Next, we apply a random phase rotation to the elements of the repeated PBCH symbols—i.e., we multiply by , the modulated symbol  of OFDM symbol  and subcarrier  (within the center 6 RBs, expressed as  for reference), where  is given below:
  
In the above equation, it is assumed that  comes from a length-144 Gold sequence (per Clause 7.2, TS 36.211) that is initialized at symbol  with   
Based on the above, we make the following proposal for PBCH repetitions within a CAS:
[bookmark: _Hlk24066699]Proposal 1: For PBCH repetitions within a CAS subframe, apply the following two steps in succession:
1. Copy the contents of the 4 PBCH OFDM symbols  to the center 6 RBs of the OFDM symbols , where the mapping follows Table 6.6.4-1 for PBCH repetitions in TS 36.211 and is given by {}  for NCP, and {} for extended CP

2. Multiply the copied PBCH symbols obtained in step 1 above with a randomly generated phase rotation  at OFDM symbol  and subcarrier , where the length-144 Gold sequence at each OFDM symbol  used to determine  is initialized by   , and  is given by: 


3	PDDCH enhancements
In this section, we discuss the PDCCH enhancements. There are two options: 
a)	Specify PDCCH with new aggregation level 16 (AL16)
b)	Specify a mechanism for repetition of PDCCH with AL8.
In [3], it was proposed to select option b), with the argument that the legacy UE could not detect PDCCH with AL16. Our design of a backwards compatible AL16 ensures that the contents of a legacy AL8 candidate are the same—we detail this in what follows. This way, the AL16 candidate is completely transparent to the legacy UE.
On the other hand, 3GPP TS 36.302 introduces the following restriction on simultaneous reception of PDCCH/PDSCH:
	"Reception Type"
	Physical Channel(s)
	Monitored
RNTI
	Associated
Transport Channel

	B1
	PDCCH+PDSCH
	SI-RNTI (Note 11)
	DL-SCH

	Note 11:	For MBMS-dedicated carrier, SI-RNTI may be assigned with two values which may be used in same subframe



Thus, a UE is not expected to receive two DCIs with the same SI-RNTI in the same subframe. In this sense, the claim of [3] that introducing a repetition of AL8 being beneficial for legacy UEs may not be accurate, since the behavior of legacy UEs is not specified in this case (e.g. some legacy UEs may choose to ignore both DCIs). 
Observation 1: The behavior of the legacy UE upon receiving two identical PDCCHs with AL8 is unpredictable. 
To avoid this unpredictability, there would be a need to encode the second AL8 in such way to prevent the legacy UE from detecting it. This brings about the following two options for PDCCH enhancement:
a)	Specify PDCCH with new aggregation level 16 (AL16)
b)	Specify a mechanism for repetition of PDCCH with AL8 such that the repeated PDCCH cannot be detected by the legacy UE.
3.1 Backwards compatible AL16 candidate design for PDCCH
The design of an AL16 PDCCH candidate that is backwards compatible with a legacy AL8 PDCCH candidate proceeds (in line with the procedures in TS 36.211) in the following steps:
· Step 1: We rate-match the encoder output from the TBCC encoder corresponding to the PDCCH payload to a length corresponding to  bits, where the order and position of the first  bits (corresponding to the legacy 8 CCE candidate) are unchanged. , for an AL16 candidate, is 16.
· Step 2: We map this overall bitstream (comprising legacy bits in unchanged positions, and additional bits from the rate-matching output, together with <NIL> elements) ensuring that the scrambling sequence for the legacy part of the bitstream is unchanged, per the procedures in TS36.211 Section 6.8.3 onwards.
· Any additional or different scrambling for the non-legacy bits is FFS 
We also note that the above procedure straightforwardly generalizes to other values of extended aggregation levels, if desired.
Proposal 2: A PDCCH candidate with aggregation level 16 retaining backwards compatibility with a legacy PDCCH candidate of aggregation level 8 is specified. 
4	Analysis of PDSCH reception
In this section we analyse the reception of the SIBs on PDSCH. In [2], we determine that:
-	the TBS for SIB1-MBMS with SIB13 included would be 176 bits; and
-	the SNR level for 99% coverage is -5.9 dB 
To err on the side of caution, we increase our payload size to a larger TBS size of 208 bits. This should be well sufficient to accommodate any additional SIB signalling (e.g, subcarrier spacings for new numerologies) that may be required post Rel 16 enhancements. 
Figure 2 shows the link level evaluation (for a 10 MHz system) of PDSCH with TBS = 208 bits. We note the following two features about the simulations:
1. The center 6 RBs are not used for PDSCH mapping—this is to apportion for PBCH repetitions
2. No cross-TTI HARQ combining is performed—in practice, it is possible to combine the PDSCHs associated with SIB across two consecutive TTIs, which would further boost performance.
Even so, we conclude from Figure 2 that the SNR needed to achieve 1% BLER is below the -5.9 dB target for 99% SNR in the limiting car-mounted LPLT scenario.
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Figure 2: CAS PDSCH link simulation for car-mounted LPLT scenario
Observation 2: PDSCH decoding is not a bottleneck for CAS reception.
5	Conclusion
Below is the summary of the observations and proposals:
Proposal 1: For PBCH repetitions within a CAS subframe, apply the following two steps in succession:
1. Copy the contents of the 4 PBCH OFDM symbols  to the center 6 RBs of the OFDM symbols , where the mapping follows Table 6.6.4-1 for PBCH repetitions in TS 36.211 and is given by {} 

2. Multiply the copied PBCH symbols obtained in step 1 above with a randomly generated phase rotation  at OFDM symbol  and subcarrier , where the length-144 Gold sequence at each OFDM symbol  used to determine  is initialized by   , and  is given by: 


Observation 1: The behavior of the legacy UE upon receiving two identical PDCCHs with AL8 is unpredictable. 
Proposal 2: A PDCCH candidate with aggregation level 16 retaining backwards compatibility with a legacy PDCCH candidate of aggregation level 8 is specified. 
Observation 2: PDSCH decoding is not a bottleneck for CAS reception.
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