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Introduction
In this contribution, we discuss some aspects of Early Data Transmission (EDT) for LTE-MTC and NB-IoT which apply to both UP and CP solutions. The discussed topics include the (N)PRACH partitioning or pooling, UL grant allocation mechanism and the supported TB sizes. 
RAN2 has made the following agreements regarding the topics discussed in this paper:
	· PRACH partitioning is used to indicate 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 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 it needs for Msg3 via PRACH partitioning.



PRACH partitioning is also discussed in email discussion [99bis#53][MTC/NB-IoT] EDT indication via PRACH [1]. UP and CP solutions are discussed in more details in contributions [2] and [3], respectively.
[bookmark: _Ref178064866]Discussion
(N)PRACH partitioning and EDT indication
In general, we see the following general approaches for the (N)PRACH partitioning for preambles which would be used to indicate EDT: 
1) Defining new physical (N)PRACH resources and using preambles in these new resources for EDT indication.
2) Using existing physical (N)PRACH resources where preambles are dedicated either for legacy or for EDT UEs.
3) Re-using existing physical (N)PRACH resources and grouping, where part of the existing resources and preambles groups are used for EDT indication, i.e. “shared resources/preambles”.
The first two points could be further described as “dedicated (N)PRACH resources”, but it should be made clear if “dedicated” means dedicated frequency, time or code resources or a combination of these. This seems not be so clear always for example in the answers to email discussion [1]. 

[bookmark: _Toc498618588][bookmark: _Toc498655250][bookmark: _Toc498661770][bookmark: _Toc498661793]It should be made clear if “dedicated (N)PRACH resources” mean dedicated frequency, time or code resources or a combination of these. 

The main difference between these approaches is the effect on system performance: In the first approach, new resources are used or existing configuration split for new use cases, thus the performance of existing UEs and system is affected. Likewise, in the second approach, the RACH performance of the existing or legacy UEs would be affected if the number of preambles available for them is smaller than without EDT configuration. In the third approach the resources used for (N)PRACH are the same as before, and there is no direct performance degradation from using additional resources or reducing the number of resources available for the legacy UEs.

[bookmark: _Toc498355977][bookmark: _Toc498618589][bookmark: _Toc498655251][bookmark: _Toc498661771][bookmark: _Toc498661794]	Further partitioning of the existing (N)PRACH resources will result in random access performance degradation, e.g. larger collision probability.
[bookmark: _Toc498355978][bookmark: _Toc498618590][bookmark: _Toc498655252][bookmark: _Toc498661772][bookmark: _Toc498661795]Using additional uplink resources for (N)PRACH will reduce the amount of uplink resources available for other purposes.
[bookmark: _Toc498355979][bookmark: _Toc498618591][bookmark: _Toc498655253][bookmark: _Toc498661773][bookmark: _Toc498661796]Re-using existing preambles and (N)PRACH resources would not require use of additional system resources, and would not result in performance degradation for the legacy UEs. 
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Figure 1. Two approaches to PRACH partitioning: In A) the preambles (or subcarriers) would be dedicated for either legacy or EDT use. In B) part of the preambles would be configured to be used either by legacy or Rel-15 UEs for EDT.

Configuration for the third approach would consist of defining the range of the preambles or subcarriers, using existing (N)PRACH physical resources, which could be used either by legacy UEs or Rel-15 UEs for EDT. Based on the answers to email discussion [1] it seems majority of the companies prefer dedicated resources, either new physical resources or dedicated preambles within physical resource shared with legacy UEs, regardless of the effect on the system performance. Our proposal is that it would be up to eNB to configure dedicated resources and/or shared resources. This would provide flexible options for the network operator to configure the available resources as best seen for their network. Also, this would mean the configuration would be like the legacy configuration for LTE-MTC and NB-IoT, where different frequency/time and preamble resources can be configured flexibly. 

[bookmark: _Toc498618595][bookmark: _Toc498655255][bookmark: _Toc498661764][bookmark: _Toc498661798] (N)PRACH physical resources and preamble allocation for EDT indication are configured with similar flexibility as in legacy NB-IoT and LTE-MTC. 
[bookmark: _Toc498655256][bookmark: _Toc498661765][bookmark: _Toc498661799]It is up to eNB configuration whether the resources used for EDT indication are new (N)PRACH resources, dedicated resources within the existing physical resources or shared resources between legacy UEs and UEs using EDT. 
Examples of ways to provide EDT indication configuration for NB-IoT and LTE-MTC are further provided in Section 3. 
Uplink resource efficiency
Based on the email discussion [1] it seems most companies do not prefer to use the EDT indication, i.e. preambles, to explicitly denote the size of the UL data. Thus, the eNB would not explicitly know what would be the best grant size to allocate for Msg3. This may lead to situation where the UE has relatively small data compared to the grant size, which would further mean using possibly excessive amount of padding in Msg3 degrading UL spectral efficiency. This would be even worse for the UEs in very poor coverage where large number of repetitions would be used in uplink. One goal of EDT is to reduce the UE power consumption, and using large grants with small data would lead to excessive power consumption possibly negating any gains achieved by using EDT in the first place. 

[bookmark: _Toc498618592][bookmark: _Toc498655254][bookmark: _Toc498661774][bookmark: _Toc498661797]Too large UL grants for small data in Msg3 would negate any gains achieved by using EDT. 

For this reason, we think we should consider the possibility to provide multiple (at least two) different TB sizes for Msg3 transmission. This can be achieved, for example by providing UL grant in a legacy way, but additionally indicating the possibility for multiple different TB sizes in Msg2. This might require redefining some UL grant contents, which would be up to RAN1. The eNB could then blindly detect what TBS the UE is using. This could mean some scheduled UL resources could not be used, but we think such waste can be minimized by using overlapping time/frequency resources if possible for the two different TB sizes. 
Alternatively, we could consider using dual or multiple grants in Msg2 as discussed e.g. in our answer to the email discussion [1] or our previous contribution [5]. It should be noted that dual grants could be provided efficiently without changing the legacy RAR format so that it would be backwards-compatible, as we have explained before [5]. One example approach is to denote with an ‘R’ bit in the RAR that the UE can select from two different grants: the legacy one using legacy format, and another grant with larger TBS, where the TBS could be e.g. the maximum TBS signalled per CE level, or some value derived from that. 

[bookmark: _Toc498618596][bookmark: _Toc498655257][bookmark: _Toc498661766][bookmark: _Toc498661800]Discuss ways to provide flexible TBS for Msg3 to avoid excessive padding. 

Let us first consider cases, where only one legacy-size UL grant would be provided in RAR: One way to provide flexible grant size could be to map different MCS indices to different sets of grant sizes, that is, one MCS value in UL grant would correspond for example to three different grant size values, for example the maximum supported TBS, half of the maximum, and one fourth of the maximum, respectively (or some other range). The UE would select and transmit with the TBS that best fits the data, and eNB would do blind detection based on the signalled TBS set.
[bookmark: _Hlk498633697]In the case where multiple grants would be used in Msg2 or RAR, e.g. as discussed in our earlier contribution [5], the additional grant information could include similar flexible size as for the previous case. It would also be possible to signal multiple separate TB sizes, i.e. one per grant, but that would require use of a larger number of bits in Msg2 and may not be preferred. 
Moreover, if shared resources are configured, the eNB should be able to indicate in Msg2 to the UE the possibility to use EDT in addition to providing legacy grant. 
[bookmark: _Ref498627675]TBS range for Msg3 grants
In LS [4] RAN1 asks RAN2 to provide input on what TBS range RAN2 thinks is needed for EDT payloads. 
We think the resolution and number of possible grant sizes depend on the number of available code points, and how the grants are allocated. In order to support the 100-byte packet size use case described in [6], we think maximum TBS of 1000 bits for Msg3 should be supported. 

[bookmark: _Toc498618598][bookmark: _Toc498655258][bookmark: _Toc498661767][bookmark: _Toc498661801]For EDT, maximum TBS of 1000 bits for Msg3 is supported. 
Regardless of how the grants are provided, RAN2 needs to discuss what would be the preferred range of TB sizes support for Msg3. We think using just one size, e.g. the maximum broadcasted per CE level would results in bad spectral efficiency, as explained above. 

[bookmark: _Toc498618599][bookmark: _Toc498655259][bookmark: _Toc498661768][bookmark: _Toc498661802]Discuss what TBS range should be used for Msg3. 

One way to indicate the grant sizes for individual grants would be to relate the maximum signalled TBS per CE proportionally to grant size with different code points available in the UL grant. For example, for NB-IoT there are currently 5 reserved MCS indices (TS 36.213, table 16.3.3-1), where these 5 values (if the three existing ones are used) could be related to max size, for example by calculating TBS = maxTBS / n_i, where n_i would depend on the MCS index.
One possibility would also be to use some of the reserved bits in MAC RAR to increase the number of possible grant sizes. 

Table 1. MCS index for Msg3 NPUSCH (Table 16.3.3-1 in TS 36.213)
	
MCS Index

	Modulation




 or and
	Modulation



and
	Number of RUs


	TBS

	‘000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘011’
	reserved
	reserved
	reserved
	reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved



[bookmark: _Ref498626118]Examples for configuration of (N)PRACH resources
In this section, we explain the possible configuration we also provided in [1]. In our view, the eNB should be able to configure either new physical (time-frequency) (N)PRACH resources, or allocate preambles in the same physical resources by dividing the preambles/subcarriers between legacy and EDT UEs. Additionally, it would be up to eNB to configure overlapping preambles/subcarriers, where same preamble/subcarrier could be used by both legacy UEs and UEs to indicate EDT. 
Additionally, we think eNB should be able to configure separate physical resources, e.g. using anchor carriers in NB-IoT or PRACH configurations or PRACH frequencies for LTE-MTC. 
Combination of these would provide the most flexible way for configuring the EDT indication. 

[bookmark: _Toc498618600][bookmark: _Toc498655260][bookmark: _Toc498661769][bookmark: _Toc498661803]Consider the configuration options in Section 3 for EDT indication configuration. 

Example configuration for LTE-MTC
For LTE-MTC, the configuration may be implemented as follows.
In RACH-ConfigCommon:
RACH-CE-LevelInfoList-r13 ::=   SEQUENCE (SIZE (1..maxCE-Level-r13)) OF RACH-CE-LevelInfo-r13

RACH-CE-LevelInfo-r13 ::=      SEQUENCE {
    preambleMappingInfo-r13            SEQUENCE {
       firstPreamble-r13                 INTEGER(0..63),
       lastPreamble-r13                  INTEGER(0..63)
    },
    ra-ResponseWindowSize-r13          ENUMERATED {sf20, sf50, sf80, sf120, sf180,
                                                sf240, sf320, sf400},

    mac-ContentionResolutionTimer-r13   ENUMERATED {sf80, sf100, sf120,
                                                sf160, sf200, sf240, sf480, sf960},
    rar-HoppingConfig-r13              ENUMERATED {on,off},
    ...,
    [[  preambleMappingInfo-EDT-r15     SEQUENCE {
       firstPreamble-EDT-r15              INTEGER(0..63),
       lastPreamble-EDT-r15               INTEGER(0..63)
        }
    ]]
}

The benefit of this approach would be that preambles used for EDT indication could be configured either as shared or dedicated preambles (as in legacy partitioning).
A sample configuration for the shared case:
Preambles used for CE0/CE1/CE2/CE3 (i.e. legacy configuration):
CE0: firstPreamble-r13 = 0, lastPreamble-r13 = 14
CE1: firstPreamble-r13 = 15, lastPreamble-r13 = 29
CE2: firstPreamble-r13 = 30, lastPreamble-r13 = 44
CE3: firstPreamble-r13 = 45, lastPreamble-r13 = 59

For EDT indication, e.g. 5 preambles per CE level:
CE0: firstPreamble-EDT-r15 = 10, lastPreamble-EDT-r15 = 14
CE1: firstPreamble-EDT-r15 = 25, lastPreamble-EDT-r15 = 29
CE2: firstPreamble-EDT-r15 = 40, lastPreamble-EDT-r15 = 44
CE3: firstPreamble-EDT-r15 = 55, lastPreamble-EDT-r15 = 59

For legacy partitioning, i.e. dedicated preambles, a similar sample configuration may be as follows: 
CE0: firstPreamble-r13 = 0, lastPreamble-r13 = 9
CE1: firstPreamble-r13 = 15, lastPreamble-r13 = 24
CE2: firstPreamble-r13 = 30, lastPreamble-r13 = 39
CE3: firstPreamble-r13 = 45, lastPreamble-r13 = 54

For EDT indication, e.g. 5 preambles per CE level:
CE0: firstPreamble-EDT-r15 = 10, lastPreamble-EDT-r15 = 14
CE1: firstPreamble-EDT-r15 = 25, lastPreamble-EDT-r15 = 29
CE2: firstPreamble-EDT-r15 = 40, lastPreamble-EDT-r15 = 44
CE3: firstPreamble-EDT-r15 = 55, lastPreamble-EDT-r15 = 59


This configuration could be then used in other narrowbands as well, if such are configured to be used for PRACH resources in PRACH-Config.
Example configuration for NB-IoT
For NB-IoT, similar approach can be taken, for example, by adding parameters in NPRACH-Parameters-NB:
NPRACH-ConfigSIB-NB-v15xy ::=		SEQUENCE {
	nprach-ParametersList-v15xy			NPRACH-ParametersList-NB-v15xy
}

NPRACH-ParametersList-NB-v15xy ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v15xy


NPRACH-Parameters-NB-v15xy ::=		SEQUENCE {
	nprach-NumEDT-Subcarriers-r15				ENUMERATED {n0, n4, n8, n12, n16, n20, n24, spare}
	nprach-NumDedicatedEDT-Subcarriers-r15		ENUMERATED {n0, n12, n24, n36}, 
	}
}

Parameter ranges are just for example. 
Field nprach-NumEDT-Subcarriers would indicate how many shared EDT subcarriers there would be per NPRACH resource, where the first n subcarriers in a resource would be counted. Field nprach-NumDedicatedEDT-Subcarriers would indicate how many dedicated EDT subcarriers there would be per resource, where the dedicated subcarriers would be those after the configured legacy carriers (in nprach-NumSubcarriers). 
An example consisting of both shared and dedicated preambles: 
nprach-NumSubcarriers-r13 = 24
nprach-NumEDT-Subcarriers-r15 = 12
nprach-NumDedicatedEDT-Subcarriers-r15 = 12

In this case subcarriers 0-23 could be used by legacy UEs, where subcarriers 0-11 could be additionally used for (shared) EDT indication. Subcarriers 24-35 could be used as dedicated EDT indication with this configuration.
It would be possible to only configure shared or dedicated preambles as well by setting either of the new parameters to 0.
Conclusion
In section 2 we made the following observations:
Observation 1	It should be made clear if “dedicated (N)PRACH resources” mean dedicated frequency, time or code resources or a combination of these.
Observation 2	Further partitioning of the existing (N)PRACH resources will result in random access performance degradation, e.g. larger collision probability.
Observation 3	Using additional uplink resources for (N)PRACH will reduce the amount of uplink resources available for other purposes.
Observation 4	Re-using existing preambles and (N)PRACH resources would not require use of additional system resources, and would not result in performance degradation for the legacy UEs.
Observation 5	Too large UL grants for small data in Msg3 would negate any gains achieved by using EDT.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	(N)PRACH physical resources and preamble allocation for EDT indication are configured with similar flexibility as in legacy NB-IoT and LTE-MTC.
Proposal 2	It is up to eNB configuration whether the resources used for EDT indication are new (N)PRACH resources, dedicated resources within the existing physical resources or shared resources between legacy UEs and UEs using EDT.
Proposal 3	Discuss ways to provide flexible TBS for Msg3 to avoid excessive padding.
Proposal 4	For EDT, maximum TBS of 1000 bits for Msg3 is supported.
Proposal 5	Discuss what TBS range should be used for Msg3.
Proposal 6	Consider the configuration options in Section 3 for EDT indication configuration.
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