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1 Issue #1: MBSFN RS mapping to resource elements
The equation for mapping the MBSFN reference signal type 1 for 0.37 kHz subcarrier spacing doesn’t lead to the RS mapping pattern (for reference signal pattern type 1) that has been agreed in RAN199 (and reproduced below) for system bandwidths of 5 MHz and 15 MHz:
Agreement:
The working assumption on D_t = 4 and D_f = 3 is confirmed with the following clarifications:
· The pattern is per the figure below:
[image: ]
To illustrate the issues with the current text in the specifications in subclause 6.10.2.2.4, consider a 5 MHz system, where , ,  (where ). With the current resource element mapping per subclause 6.10.2.2.4 for MBSFN reference signal type 1:
· For  (first slot in a stagger of 4 consecutive slots):
· [bookmark: _Hlk37291032],
· [bookmark: _Hlk37291072]Hence, the values of  in the desired range are 
· For  (second slot in a stagger of 4 consecutive slots):
· ,
· Hence, the values of  in the desired range are 
· For  (third slot in a stagger of 4 consecutive slots):
· ,
· Hence, the values of  in the desired range are 
· For  (fourth slot in a stagger of 4 consecutive slots):
· ,
· Hence, the values of  in the desired range are 
This leads to the following RS mapping to resource elements (in Fig. 1 below), which is not in line with the agreements.
[image: ]
Figure 1: Illustration of RS pattern for MBSFN reference signal pattern type 1  according to current specifications (for 5 MHz system bandwidth).
Similar erroneous mapping occurs for a 15 MHz system, owing to the use of  and  operations for different slots within a stagger of 4 slots.
Towards fixing this, note that the complications in the RE mapping occurs because  is not divisible by the RS periodicity in frequency (12 subcarriers) in a given PMCH symbol, for the numerology with  with reference signal pattern type 1 ()—i.e., the mapping is not identical from one RB to the next. However, also note that  is exactly divisible by the RS periodicity in frequency, for this case. As a result, there may be instances where (specifically, for odd values of , e.g., for ,  system bandwidths), the number of RS tones in the first two slots  of a four-slot stagger may have one more RS tone than the last two slots   in the stagger. To capture this fact, and choose the tones (corresponding to ) from the centre of the underlying RS sequence generated in subclause 6.10.2.1.4  (over  RBs), is indeed the intention of the present text; yet, as we demonstrated above, the depiction is not correct.
Observe that for even values of ,  the number of RS tones in all slots of a four-slot stagger is given by .
Hence, for even values of , the equation for the subcarrier index  corresponding to the RS tones can be written as


Note that the use of the operation takes care of the fact that there may be an odd number of “remaining” tones in the underlying sequence, when selecting the ones from the middle, to form the RS tones for a given system. Note also, that there is no occurrence of the different cases based on the slot number, as in the current text.
Turning our attention now to the more involved case for odd values of , we observe that the number of RS tones in the first two slots of a four-slot stagger  is given by  while for the second two slots, the number of RS tones is given by  .
We can straightaway see that the above is leading towards a more involved expression—one that is not straightforwardly expressible in terms of , for starters.
For the first two slots of the stagger , the subcarrier index  may be expressed as

For the last two slots of the stagger , we similarly have


As a result, the mapping equation should have three distinct cases—first, where  is even; second, where  is odd and the slot numbers correspond to  ; third, where  is odd and the slot numbers correspond to .
With the discussion for reference signal pattern type 1 above, one can also observe that a similar change as for the even  case needs to be made for the reference signal pattern type 2 RE mapping (note that for type-2, the more involved descriptions for odd  do not apply, since  is divisible by the frequency periodicity of the RS in a PMCH symbol). As per the current equation, the  slot’s RE mapping doesn’t start from  when  is odd. Hence, for pattern type 2, the value(s) of subcarrier index  should be given by

Furthermore, there is—what we believe—a typo, as it relates to the “range” of values  can take. In the current text, it appears as if the range of values for  is the same for both reference signal pattern type 1 and type 2, which is not the case. In each PMCH symbol, there will be twice as many RS tones for pattern type 2 than for pattern type 1.
In TP1 below, we fix the discussed issues, as it relates to the MBSFN reference signals.
<TP1, 6.10.2.2.4>
The reference-signal sequence  in OFDM symbol  shall be mapped to complex-valued modulation symbols  with  according to 

when

and where   is the 3ms absolute slot number, defined as    is the 3 ms slot number as defined in clause 4.1 and 
-	for MBSFN reference signal pattern type 1



· For  odd


· For  even


-	for MBSFN reference signal pattern type 2


</TP1>
Proposal 1: Endorse TP1

2 [bookmark: _Hlk37325244]Issue#2: Warm-up subframes and MCCH decoding
The structure for signalling the MBSFN subframes for a given MBSFN area is as follows:
· SIB13 includes in mcch-Config the subframes in which the UE decodes MCCH for a given MBSFN area.
· Within MCCH, the IE commonSF-Alloc includes the subframes allocated to that MBSFN area.
Thus, before decoding MCCH, the UE is not aware of whether the subframes/slots before MCCH belong to the same MBSFN area. For the 0.370kHz numerology, this means that the UE cannot estimate the full channel, since that requires the UE to get MBSFN-RS from previous subframes, but current specification does not allow the UE to assume that those subframes belong to the same MBSFN subframe.
In the general case, if a UE is configured to decode PMCH with 0.370kHz numerology in absolute slot , the UE should be able to obtain the full channel by causal channel estimation, i.e., for Td=2 the UE may assume that MBSFN-RS for the MBSFN area are present in , and for Td=4 the UE may assume that MBSFN-RS for the MBSFN area are present in .
This issue was brought up in the previous meeting, and some concerns were raised. We try to address them below:
Concern 1: Maybe only a couple of very first symbols which has no preceding RS has performance degraded but the overall performance may not be so bad
Answer: The observed degradation is close to ~7dB from system level evaluation. Also, when decoding MCCH, the UE does not know what is around it, so if this is not decodable the UE cannot bootstrap the system and move to cross-slot channel estimation.

Concern 2: eNB would not schedule MCCH in the first 3 slots where only MBSFN-RS is transmitted instead. This is where NW performance loss come from in terms of spectral efficiency. The three slots are always vacant for MBSFN-RS transmission
Answer: Actually, this is not the case. Those first 3 slots will have MTCH information, but the UE doesn’t know whether those subframes belong to the same MBSFN area before decoding MCCH. Note that the signalling structure is as follows:
· SIB13 includes the following information, which indicates the subframe/slots in which MCCH is received. At this point, the UE doesn’t know what are the other slots/subframes belonging to the same MBSFN area as the MCCH (i.e., the UE only “sees” the MCCH subframes/slots):
MBSFN-AreaInfoList-r16 ::=		SEQUENCE (SIZE(1..maxMBSFN-Area)) OF MBSFN-AreaInfo-r16

MBSFN-AreaInfo-r16 ::=				SEQUENCE {
	mbsfn-AreaId-r16					MBSFN-AreaId-r12,
	notificationIndicator-r16			INTEGER (0..7),
	mcch-Config-r16						SEQUENCE {
		mcch-RepetitionPeriod-r16			ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64, 
														rf128, rf256, spare7},
		mcch-ModificationPeriod-r16			ENUMERATED {rf1, rf2, rf4, rf8, rf16, rf32, rf64, rf128,
														rf256, rf512, rf1024, spare5},
		mcch-Offset-r16					INTEGER (0..10),
		sf-AllocInfo-r16				BIT STRING (SIZE(10)),
		signallingMCS-r16				ENUMERATED {n2, n7, n13, n19}
	},
	subcarrierSpacingMBMS-r16		ENUMERATED {kHz7dot5, kHz2dot5, kHz1dot25, kHz0dot37, spare4},
	timeSeparation-r16				ENUMERATED {sl2, sl4} OPTIONAL,	-- Need OR
	...
}
· MCCH includes which other subframes/slots are in the same MBSFN area:
MBSFNAreaConfiguration-r9 ::=		SEQUENCE {
	commonSF-Alloc-r9					CommonSF-AllocPatternList-r9,
	commonSF-AllocPeriod-r9				ENUMERATED {
												rf4, rf8, rf16, rf32, rf64, rf128, rf256},
	pmch-InfoList-r9					PMCH-InfoList-r9,
	nonCriticalExtension				MBSFNAreaConfiguration-v930-IEs	OPTIONAL
}

Concern 3: It means impliedly that NW may use the subframe not configured for MBSFN for other purpose, e.g., unicast transmission.
Answer: In our view, the usefulness of transmitting unicast in a carrier that supports this numerology is very reduced. But if this is a concern, we can limit the applicability to dedicated MBMS (not included in the TP).

<TP2, 36.211 6.10.2>

6.10.2	MBSFN reference signals
MBSFN reference signals shall be transmitted in the MBSFN region of MBSFN subframes only when the PMCH is transmitted. MBSFN reference signals are transmitted on antenna port 4.
For a PMCH transmitted with 0.37 kHz subcarrier spacing in slot ,
 -	for MBSFN reference signal pattern type 1, the UE may assume that MBSFN reference signals associated with the same  are present in the three preceding slots to slot .
-	for MBSFN reference signal pattern type 2, the UE may assume that MBSFN reference signals associated with the same  are present in the preceding slot to slot .
MBSFN reference signals are defined for extended cyclic prefix only.
</TP2>
Proposal 2: Endorse TP2

3 Issue#3: Language on TBS scaling
In RAN1#98b, the following agreement was made regarding the Transport Block Size (TBS) determination for the MBSFN numerology with , wherein, we draw special emphasis to the highlighted part below:
Agreement:
For the TBS determination for the 300us CP numerology, the procedure for calculating the TBS is as follows:
1. Reuse the modulation and TBS index table in TS 36.213 and according to the signalled IMCS, obtain  
a. FFS whether modifications to the legacy modulation and TBS index table are needed (to be checked once the RS pattern is agreed)
2. Reuse the transport block size table in TS 36.213 and according to the obtained , obtain the corresponding TBS
3. Calculate the used TBS’ as , where the round operation maps  to the closest TBS in the legacy transport block size tables
a. In case two TBSs are at the same distance of , the larger TBS is chosen
b. The value of  is fixed in the specification to 

Selecting the scaled TBS in case of a “tie” between the smaller and larger TBS in terms of distance from the scaled TBS is implemented in the present text of the specifications in subclause 11.1 of TS 36.213 as follows:



“For PMCH with  the UE shall scale the derived transport block size by , then round half-way towards positive infinity to the closest valid transport block size…”

In our view, the language “round half-way towards positive infinity” is a rather convoluted, and potentially confusing way of implementing the highlighted part of the agreement. We propose to simplify this language; TP3 below captures our proposed re-wording. We also propose to parse the very long sentence for TBS determination corresponding to whether the 256QAM table is used or not.

<TP3, 36.213. 11.1>


[bookmark: _Hlk37334941]The UE shall then follow the procedure in Subclause 7.1.7.2.1 to determine the transport block size, assuming [image: ]is equal to[image: ]. For PMCH with  the UE shall scale the derived transport block size by , then round half-way towards positive infinity to the closest valid transport block size in the union of Table 7.1.7.2.1-1 and Table 7.1.7.2.4-1 by including, in the rounding procedure, only the TBS entries in Table 7.1.7.2.1-1 with  and the entries in 7.1.7.2.4-1 for which the TBS_L1 is present in Table 7.1.7.2.1-1 with  if the UE is configured by higher layers to decode the PMCH based on QPSK, 16QAM, 64QAM, and 256QAM;, and only the TBS entries in Table 7.1.7.2.1-1 with  and the entries in 7.1.7.2.4-1 for which the TBS_L1 is present in Table 7.1.7.2.1-1 with  otherwise. In case the scaled TBS has the same distance to two valid transport block sizes, it is rounded to the larger transport block size. The UE shall set the redundancy version to 0 for the PMCH.
</TP3>
Proposal 3: Endorse TP3
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