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1. Introduction
In RAN#75 a new work item RP-170732 “New WID on Even further enhanced MTC for LTE” was approved. One of the objectives of the work item is to specify data transmission during the random access procedure. 
In RAN1#90 the following agreement was reached:
Agreement:
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits.
· Note: For Msg3 for Rel-13 BL/CE UEs, the maximum total TBS is 712 bits in CE mode A and 328 bits in CE mode B.
· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant corresponding to Rel-13 Msg3 TBS instead.

Also, during RAN1#90 the following information was exchanged between RAN1/RAN2 in LSs:

R1-1719305 (LS from RAN2 to RAN1)
RAN2 agreements:
[bookmark: _Hlk495657201]- PRACH partitioning is used to indicate the UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.
- For CP during the UL EDT procedure, if the UE receives a grant in which the data does not fit, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.
- Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size for Msg3 it needs via PRACH partitioning.

Questions:
1) To support UL early data transmission in Msg3 during a RACH procedure initiated by a UE in RRC_IDLE, RAN2 assumes that Rel-13 PUSCH TB sizes can be used. Is such assumption viable? If not, what are the possible TB sizes for PUSCH transmission for EDT for eMTC and NB-IoT respectively?
2) To support above TB sizes for Msg3, would there be need for new UL grant format(s) in RAR?  If yes, what changes are foreseen?


Additionally, the following agreement was reached during RAN1#91:

Agreements:
· Maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3
· Ask RAN2 whether one reserved bit in MAC RAR can be used for EDT feature

In this contribution we present further details on physical layer impact of early data transmission. 

2. Interpretation of RAR for EDT
From the agreement in RAN1#90, it is clear that RAN1 has to somehow modify the way msg3 is granted to allocate. Also, from the RAN2 LS there are two possible ways to enable this:
1) Reuse UL grant format: Although the interpretation for the grant can be different, the format itself can be the same. For example, as the eNB will broadcast the maximum grant for msg3, the TBS table for msg3 can depend on this value. A set of values can be defined in the specification for this matter.

2) Have new UL grant format: If we want to preserve backwards compatibility, the new UL grant can actually schedule larger TBS.

In general, the eNB/UE should both be aware of whether the UE requested EDT or not (via resource partitioning, as indicated in RAN2 LS), so the interpretation of the grant can change depending on whether the UE used an ‘EDT resource’ or a ‘normal resource’.
Proposal 1: The UL grant in RAR for EDT has the same format as Rel-13, although its interpretation changes depending on whether the UE used an ‘EDT PRACH resource’ or a ‘non-EDT resource’.

In order to preserve the same format, and also to keep a reasonable degree of flexibility, the interpretation of the RAR grant can further depend on the maximum TBS broadcast by SIB (as indicated in RAN2 LS). For example, if the maximum value is 1000 bits, one of the entries has to be that value. Note that fixing the TBS table regardless of the maximum TBS will limit the number of available TBS sizes for EDT (only 4 possible TBS values for 1 PRB, one of which has to be reserved for the legacy grant).
Proposal 2: The interpretation of at least the MCS/TBS field in the UL grant in RAR depends on the maximum possible grant size broadcast by eNB.
	- Details FFS

3. Necessary enhancements to support larger TBS in msg3
One of the issues with the current transmission chain in eMTC is that it does not allow for efficient scheduling of a large TBS with small frequency resources. For instance, in CE Mode B the optimum allocation in terms of spectral efficiency is a single PRB allocation (the UEs are power limited in this stage).
Given that eMTC supports 4 different redundancy versions, and assuming no overhead due to SRS/retuning, the number of channel bits per subframe is 12x12x2=288bits. If we target transmission of packets up to 1000 bits (or 936 in Mode B), the overall code rate after transmission of the 4RVs would be 1000/(288x4)=0.8681, which is really high. If SRS/retuning is present in every subframe, the coding rate goes up to 0.9470. Thus, the large number of repetitions provide only SNR gain but no coding gain, which will dramatically reduce the performance (especially for such coding rates >0.85).
Observation 1: The rate matching/RV scheme in eMTC is not amenable to allow transmission of large TBS with small PRB allocation.
Note that NB-IoT does not experience this problem due to the introduction of the concept of ‘resource units’, over which the NPUSCH is rate matched around. For early data transmission in msg3, the following solutions are possible:
1) Introduce notion of ‘resource unit’: This would follow the NB-IoT procedures, where the rate matching is performed over more than one subframe. This, however, may require large changes in UE implementation, that may not be desirable to introduce early data transmission (which is mainly a RAN2 feature)
2) Introduce more redundancy versions: By increasing the number of redundancy versions, the number of total transmitted coded bits is similarly increased. For example, by going to 8RVs, the code rate above will be halved (around 0.4340).
Proposal 3: RAN1 to specify a larger number of redundancy versions (e.g. up to 8RVs) for transmission of up to 936 bits in msg3 in CE mode B.


4. PRACH capacity enhancements
To support data transmission in msg3, the UE should indicate its intention (and potentially other parameters) to do so in msg1 (PRACH). Due to this, PRACH partitioning is needed to enable this feature, as confirmed by RAN2.
Observation 2: The introduction of early data transmission will very likely require PRACH partitioning.
Note that, for eMTC, the following partitioning may be needed:
- Different PRACH for different CE levels
- Different PRACH for Early Data vs normal connection
- (Potentially) different PRACH for different payload sizes in early data.
For example, for an eNB that supports 4 CE levels and 2 different payload sizes for early data, the total number of PRACH resources is 12. The usage of many will derive in increased latency and/or reduced network capacity, which may result in networks deploying reduced number of options (e.g. early data for single payload size, or for a subset of the CE levels). Thus, increasing the PRACH capacity seems beneficial for this matter.
eMTC PRACH is based on LTE PRACH: The eNB broadcasts the PRACH resources, and the UE uses these resources (with the same time and frequency structure as legacy resources) repeated times to combat the low SNR using repetition. The UEs are multiplexed by using multiple preambles, but the introduction of repetitions does not enable multiplexing of more UEs (even more, for the same overhead it reduces the number of simultaneously supported UEs).
One technique also discussed in ‘PUSCH spectral efficiency’ during this study item is to introduce a ‘cover code’ over the multiple repetitions to increase the capacity. Thus, the UE may select a cover code + preamble before starting the random access procedure. For an OCC length of 2, the PRACH capacity is doubled. For example, different cover codes may be used to increase the capacity for  a single “PRACH group”, or may be used to signal different payload sizes for early data.
Proposal 4: Study the introduction of OCC over PRACH to increase the PRACH capacity.
The introduction of OCC may also enable multiplexing of new UEs (e.g. UEs using early data) with Rel-13/14 UEs. For example, the legacy UE can be considered to use an OCC of [1,1] and an OCC of [1,-1] may be used by Rel-15 UEs. This, however, assumes that the legacy UEs keep phase continuity across repetitions, which may not be true even for PRACH transmissions in consecutive subframes. RAN4 can be consulted on this assumption, if decided by RAN1.
Observation 3: Legacy UEs may not keep phase continuity across different PRACH transmissions/repetitions.
One problem of legacy PRACH formats is that most of the configurations do not include consecutive subframes for PRACH (see Table 1). Also, one problem of indices that have back-to-back transmissions is that these configurations result in increased overhead (for formats 0-2, they are present in every subframe). Note that in legacy LTE these configurations can be considered ‘optimal’, in the sense that, for a given overhead, they minimize the delay from any point in time. Introducing OCC + repetitions may result in different design options for the PRACH resources.
Table 1 PRACH configurations for FS1. Highlighted entries have back-to-back transmission of PRACH
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number

	0
	0
	Even
	1
	32
	2
	Even
	1

	1
	0
	Even
	4
	33
	2
	Even
	4

	2
	0
	Even
	7
	34
	2
	Even
	7

	3
	0
	Any
	1
	35
	2
	Any
	1

	4
	0
	Any
	4
	36
	2
	Any
	4

	5
	0
	Any
	7
	37
	2
	Any
	7

	6
	0
	Any
	1, 6
	38
	2
	Any
	1, 6

	7
	0
	Any
	2 ,7
	39
	2
	Any
	2 ,7

	8
	0
	Any
	3, 8
	40
	2
	Any
	3, 8

	9
	0
	Any
	1, 4, 7
	41
	2
	Any
	1, 4, 7

	10
	0
	Any
	2, 5, 8
	42
	2
	Any
	2, 5, 8

	11
	0
	Any
	3, 6, 9
	43
	2
	Any
	3, 6, 9

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	2
	Any
	0, 2, 4, 6, 8

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	2
	Any
	1, 3, 5, 7, 9

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	46
	N/A
	N/A
	N/A

	15
	0
	Even
	9
	47
	2
	Even
	9

	16
	1
	Even
	1
	48
	3
	Even
	1

	17
	1
	Even
	4
	49
	3
	Even
	4

	18
	1
	Even
	7
	50
	3
	Even
	7

	19
	1
	Any
	1
	51
	3
	Any
	1

	20
	1
	Any
	4
	52
	3
	Any
	4

	21
	1
	Any
	7
	53
	3
	Any
	7

	22
	1
	Any
	1, 6
	54
	3
	Any
	1, 6

	23
	1
	Any
	2 ,7
	55
	3
	Any
	2 ,7

	24
	1
	Any
	3, 8
	56
	3
	Any
	3, 8

	25
	1
	Any
	1, 4, 7
	57
	3
	Any
	1, 4, 7

	26
	1
	Any
	2, 5, 8
	58
	3
	Any
	2, 5, 8

	27
	1
	Any
	3, 6, 9
	59
	3
	Any
	3, 6, 9

	28
	1
	Any
	0, 2, 4, 6, 8
	60
	N/A
	N/A
	N/A

	29
	1
	Any
	1, 3, 5, 7, 9
	61
	N/A
	N/A
	N/A

	30
	N/A
	N/A
	N/A
	62
	N/A
	N/A
	N/A

	31
	1
	Even
	9
	63
	3
	Even
	9



Thus, it seems beneficial to introduce new PRACH configurations that can enable OCC (with back to back subframes), while at the same time keeping a low overhead. For example, for configuration index 6 (SF1/6 in every RF), the overhead of PRACH is 20%. A similar overhead would be achieved by SF1/2/3/4 every two radio frames, while enabling OCC (and thus increasing the PRACH capacity)
Proposal 5: Introduce new PRACH configurations that are amenable to OCC (e.g. consecutive PRACH occasions instead of uniformly spaced ones).
5. Summary of proposals
In this contribution we presented our views on physical layer aspects of EDT. We made the following observations and proposals:
Proposal 1: The UL grant in RAR for EDT has the same format as Rel-13, although its interpretation changes depending on whether the UE used an ‘EDT PRACH resource’ or a ‘non-EDT resource’.
Proposal 2: The interpretation of at least the MCS/TBS field in the UL grant in RAR depends on the maximum possible grant size broadcast by eNB.
	- Details FFS
Proposal 3: RAN1 to specify a larger number of redundancy versions (e.g. up to 8RVs) for transmission of up to 936 bits in msg3 in CE mode B.
Proposal 4: Study the introduction of OCC over PRACH to increase the PRACH capacity.
Proposal 5: Introduce new PRACH configurations that are amenable to OCC (e.g. consecutive PRACH occasions instead of uniformly spaced ones).



