Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #83
R1-156420
Anaheim, USA, 15th – 22nd November 2015
Source: 
Ericsson

Title:
Random access for MTC
Agenda Item:
6.2.1.10
Document for:
Discussion and Decision

1 Introduction

In this contribution we address open issues for random access for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1]. For information on earlier RAN1 agreements, refer to [2]

 REF _Ref434603471 \r \h 
 \* MERGEFORMAT [3].

2 Random access procedure
How to configure PRACH resource sets for CE (time, frequency, and preamble) and what is the criterion for UE to select PRACH resource set?

For each one of the (up to 4) PRACH resource sets for LC/CE UEs, a number of parameters are configured:

· prach-ConfigIndex –PRACH configuration index

· firstPreambleGroupX – first preamble index

· lastPreambleGroupX – last preamble index

· maxNumPreambleAttempt-X – maximum number of attempts

· numRepetitionPerPreambleAttempt-X – number of preamble repetitions per attempt

Furthermore one RSRP threshold rsrpThresholdPrach-X should be configured for each one of the (up to 3) PRACH resource sets for CE UEs.

Proposal:
· Each PRACH resource set is configured with PRACH configuration index, first preamble index, last preamble index, maximum number of attempts and number of preamble repetitions per attempt.
· PRACH resource set selection is based on the RSRP thresholds rsrpThresholdPrach-X.
Do the PRACH resource configuration tables in 36.211, Table 5.7.1-2 ~5.7.1-4 in TS36.211, need modifications?

We do not see a need to modify the tables. This means that configuration of multiple PRACH frequencies will not be feasible in some DL-heavy TDD configurations (especially in small system bandwidths) since they already in legacy operation make use of multiple PRACH PRBs but we think this can be considered acceptable and these configurations will be avoided by the eNB implementation.

Proposal:

· There is no need to modify the PRACH resource configuration tables in 36.211.
Should PRACH repetitions use legacy PRACH resources only?

It will be possible to configure PRACH time-frequency resources for LC/CE UEs that are either accessible or not accessible for PRACH transmission from legacy UEs depending on how the PRACH configuration indices are chosen by eNB. The PRACH configuration index for each PRACH resource set can be set individually to either overlap in time and frequency or not overlap in time and frequency.
Observation:

· It is up to the network whether PRACH resources for LC/CE UEs overlap with legacy PRACH resources or not.
What should be the potential starting subframes of PRACH and how should the UE know them? 

The starting subframe for each PRACH repetition should be predefined (with respect to the SFN, the PRACH configuration index and the PRACH repetition level). PRACH subframes unused by CE UEs within the SFN range à 1024 frames can be placed:
· Option 1: At the end of the SFN range

· Option 2: Between the PRACH transmission opportunities

· Option 3: In the PRACH bundles as frequency retuning gaps for frequency hopping

Option 1 seems most straightforward considering the limited remaining time in the work item.
Proposal:

· The starting subframe for each PRACH repetition is predefined and derived from the SFN, the PRACH configuration index and the PRACH repetition level.
· PRACH subframes unused by CE UEs within the 1024-frame SFN range are placed at the end of the SFN range.
What are the possible numbers of repetitions for PRACH for each PRACH repetition level, and how should the eNB determine and configure this? 

3GPP should not specify how eNB determines the desired number of repetitions. It should be up to the eNB implementation. The eNB should configure them like all other PRACH parameters and their extensions. The parameter ranges need to provide some room for optimization in the network implementation.
Table 1 and Table 2 summarize the results and assumptions for the link simulations presented in [4]. These results can be used to guide the specification of ranges for the number of PRACH repetitions for each PRACH repetition level.
Table 1: Required number of PRACH repetitions
	UL coverage enhancement [dB]
	PRACH coverage enhancement [dB]
	Number of repetitions without FH (Pmiss)
	Number of repetitions with FH (Pmiss)

	0
	0
	1 (1%)
	N/A

	3
	2
	2 (1%)
	1 (1%)

	6
	5
	4 (1%)
	2 (1%)

	9
	8
	8-16 (1%)
	4-8 (1%)

	12
	11
	16-32 (1%)
	8 (1%)

	15
	14
	32 (5%)
	16 (5%)

	18
	17
	32 (10%)
	16 (15%)


Table 2: Link-level simulation assumptions for PRACH
	Parameter
	Value

	System bandwidth
	20 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	EPA, ETU

	Doppler spread
	1 Hz

	Number of UL RBs
	6

	PRACH format
	0

	Frequency tracking error
	100 Hz

	Performance target
	Pmiss 1%, Pfa 0.1%

	Number of repetitions
	1, 2, 4, 8, 16 and 32

	Combining method
	Coherent accumulation over 2 repetitions (consecutive sub-frames) per antenna

Non-coherent accumulation over additional repetitions and antennas

	Number of subframes
	10000

	Frequency hopping
	Hopping distance 40 PRBs after half of repetitions


Different networks and different cells may be configured with different maximum coverage enhancement and hence different maximum number of PRACH repetitions. Here we assume that both 3 dB and 6 dB step size between subsequent PRACH repetition levels may be of interest. This leads to the ranges for number of PRACH repetitions for each PRACH repetition level listed in Table 3.
Table 3: Ranges for number of PRACH repetitions
	PRACH repetition level
	Modest UL coverage enhancement [dB]
	Aggressive UL coverage enhancement [dB]
	Range for number of repetitions without FH
	Range for number of repetitions with FH

	0
	0 dB
	0 dB
	1
	1

	1
	3 dB
	6 dB
	2, 4
	1, 2

	2
	6 dB
	12 dB
	4, 8, 16, 32
	2, 4, 8

	3
	9 dB
	18 dB
	8, 16, 32, (64)
	4, 8, 16, (32)


Proposal:

· The ranges for number of PRACH repetitions for each PRACH repetition level are {1}, {2, 4}, {4, 8, 16}, and {8, 16, 32, 64}, respectively.
What further details of the power ramping procedure for PRACH need to be agreed in RAN1 and/or informed to RAN2? 

RAN1 may need to clarify that the PRACH transmit power at the highest PRACH repetition level should equal the maximum UE transmit power if this is the intention with the RAN1#82 agreement to apply PRACH power ramping except at the highest PRACH repetition level.
Proposal:
· Either agree that the maximum UE transmit power is used on the highest PRACH repetition level or agree that power ramping is used also on the highest PRACH repetition level (the latter case is our preference due to simplicity in specification).
How and in what cases to identify Rel-13 low complexity UEs by PRACH?

Rel-13 low complexity UEs are identified by PRACH when a Rel-13 low complexity UE performs PRACH in a cell that indicates support for Rel-13 low complexity UEs in MIB.
3 RAR reception
How does the eNB determine and how does the UE know the repetition level of M-PDCCH scheduling RAR for a given RAR CE level?

We see two options:

· Option 1: M-PDCCH CSS for RAR (corresponding to one R value or a range of R values for M-PDCCH) is indicated for each PRACH repetition level in MTC-SIB.

· Option 2: M-PDCCH CSS for RAR (corresponding to one R value or a range of R values for M-PDCCH) is predefined in spec for each PRACH repetition level.

Since Option 2 may save some bits in MTC-SIB, we have a preference for Option 2.
Proposal:

· M-PDCCH CSS for RAR is predefined in spec for each PRACH repetition level.

How does the eNB determine and how does the UE know the starting subframe(s) of M-PDCCH scheduling RAR for a given RAR CE level?

The starting subframe for M-PDCCH for RAR (the first one in the RAR window) is the end of the preamble transmission plus three subframes (similar to legacy operation).
Proposal:
· The starting subframe for M-PDCCH for RAR (the first one in the RAR window) is the end of the preamble transmission plus three subframes (similar to legacy operation).

How does the eNB determine and how does the UE know the frequency resource(s) of M-PDCCH scheduling RAR for a given RAR CE level?

The number of narrowbands used for M-PDCCH scheduling RAR in the cell can be indicated in SIB (similarly as already agreed for paging). The narrowband index can be derived from the PRACH preamble index and the PRACH repetition level. Derivation from the PRACH preamble index and derivation from the PRACH repetition level both have their merits – one allows load distribution over the system bandwidth, the other multiplexing of transmissions with the same repetition level.
Proposal:

· The number of narrowbands used for M-PDCCH scheduling RAR is indicated in SIB.
· The narrowband index for M-PDCCH scheduling RAR is derived from the PRACH preamble index and the PRACH repetition level.
Whether to use and/or how to configure the set of {aggregation levels, repetition numbers} for M-PDCCH scheduling RAR for a given RAR CE level?

The number of repetitions is discussed in the beginning of this section. Regarding the aggregation levels, we propose to always use 6 PRBs, but aggregation level does not have to be 24 ECCEs always.

· At low CE levels: Multiple aggregation levels are supported, for example, {4, 8, 16, 24}.

· At high CE levels: A single aggregation level of L=24 ECCEs is supported.

Proposal:
· For M-PDCCH scheduling RAR, at low CE levels, a multiple aggregation levels of L = {4, 8, 16, 24} are supported.
· For M-PDCCH scheduling RAR, at high CE levels, a single aggregation level of L = 24 ECCEs is supported.
4 Msg3/Msg4 scheduling and transmission
How does the eNB determine and how does the UE know the repetition level(s) and repetition number(s) of initial Msg3 transmission?

The PUSCH narrowband and number of PUSCH repetitions for initial Msg3 transmission are indicated in UL grant in RAR. A set of PUSCH repetition factors for Msg3 can be predefined for each PRACH repetition level in order to save bits in SIB or RAR.
Proposal:

· The PUSCH narrowband and number of PUSCH repetitions for initial Msg3 transmission are indicated in UL grant in RAR.

· If necessary in order to save bits in SIB or RAR, consider predefining a set of PUSCH repetition factors for Msg3 for each PRACH repetition level.
How does the eNB determine and how does the UE know the repetition level(s) of M-PDCCH for Msg3 retransmission or Msg4 transmission?

The M-PDCCH search space (AL and repetition level) for Msg3 retransmission and Msg4 can be the same as for M-PDCCH for RAR. This will save bits in SIB or RAR.
Proposal:

· The M-PDCCH search space (AL and repetition level) for Msg3 retransmission and Msg4 is the same as for M-PDCCH for RAR.
How to configure the set of {aggregation levels, repetition numbers} for M-PDCCH search space for Msg3 retransmission or Msg4 transmission?

For example, should we define a set of decoupled {aggregation levels} and {repetition numbers} and eNB can signal any combination; or is the granularity that we define in {aggregation level, repetition number} pairs and the eNB has only those choices; or do we define decoupled {aggregation levels} and {repetition numbers} and eNB can signal a restricted set of combinations; or other options?

he M-PDCCH search space (AL and repetition levels) for Msg3 retransmission and Msg4 can be the same as for M-PDCCH for RAR. But the UE-specific frequency location of M-PDCCH for Msg3 retransmission and Msg4 can be different from the common frequency location of M-PDCCH for RAR.

Proposal:

· The UE-specific frequency location of M-PDCCH for Msg3 retransmission and Msg4 can be different from the common frequency location of M-PDCCH for RAR
How to determine the frequency resources, including narrowband and/or the index to a specific combination of physical resource-block pair, of M-PDCCH for Msg3 retransmission or Msg4 transmission?

The narrowband for M-PDCCH for Msg3 retransmission and Msg4 should be indicated in UL grant in RAR. Since RARs intended for several different UEs can be multiplexed into the same RAR PDSCH transmission, it is necessary to provide means to distribute Msg3/Msg4 in the frequency domain.
Proposal:

· The narrowband for M-PDCCH for Msg3 retransmission and Msg4 is indicated in UL grant in RAR.
How to determine the transmission type of M-PDCCH for Msg3 retransmission or Msg4 transmission?

Transmission type for M-PDCCH for Msg3 retransmission and Msg4 should be distributed as there is no channel information during random access procedure.

Proposal:

· Distributed transmission type is used for M-PDCCH for Msg3 retransmission and Msg4.
How to perform the DMRS scrambling sequence initialization of M-PDCCH for Msg3 retransmission or Msg4 transmission

DMRS scrambling sequence initialization for M-PDCCH for Msg3 retransmission and Msg4 should be based on UE ID (Temporary C-RNTI).

Proposal:

· DMRS scrambling sequence initialization for M-PDCCH for Msg3 retransmission and Msg4 is based on UE ID (Temporary C-RNTI).
How to determine the repetition level(s), repetition number(s) of Msg3 retransmission or Msg4 transmissions?

The number of PUSCH repetitions for Msg3 repetitions and the number of PDSCH repetitions for Msg4 should be indicated in DCI. This is in line with unicast PDSCH/PUSCH transmission. A set of PDSCH repetition factors for Msg4 can be predefined for each PRACH repetition level in order to save bits in SIB or RAR.
Proposal:

· The number of PUSCH repetitions for Msg3 retransmission is indicated in DCI.

· The number of PDSCH repetitions for Msg4 is indicated in DCI.
· If necessary in order to save bits in SIB or RAR, consider predefining a set of PDSCH repetition factors for Msg4 for each PRACH repetition level.
How to determine the narrowband of Msg3 retransmission or Msg4 transmissions?

It has been agreed that the narrowband for PUSCH for Msg3 initial transmission is explicitly indicated in UL grant in RAR. The narrowband for PUSCH/PDSCH for Msg3 retransmission and Msg4 should be explicitly indicated in DCI. This is in line with unicast PDSCH/PUSCH transmission.
Proposal:

· The narrowband for PUSCH for Msg3 retransmission is explicitly indicated in DCI.
· The narrowband for PDSCH for Msg4 is explicitly indicated in DCI.
What is the operation for PUSCH HARQ feedback for Msg3?

The PUSCH HARQ feedback for Msg3 should be based on explicit retransmission grants in M-PDCCH in the same way as for regular PUSCH transmission for LC/CE UEs.

Proposal:

· PUSCH HARQ feedback for Msg3 is based on explicit retransmission grants in M-PDCCH.
5 PRACH frequency hopping

How many narrowbands can be configured for PRACH FH, when PRACH FH is used?

We propose that each PRACH resource set can be configured with a PRACH frequency. If PRACH frequency hopping is enabled for a PRACH resource set then the PRACH frequency hopping for that PRACH resource set occurs between the configured PRACH frequency and its mirror frequency. The mirror frequency for one PRACH resource set can coincide with the configured frequency for another PRACH resource set. This will allow lower PRACH repetition levels (including legacy PRACH) and higher PRACH repetition levels to be completely frequency separated from each other.
As mentioned earlier, configuration of multiple PRACH frequencies will not be feasible in some DL-heavy TDD configurations (especially in small system bandwidths) since they already in legacy operation make use of multiple PRACH PRBs but we think this can be considered acceptable and these configurations will be avoided by the eNB implementation.

Proposal:

· Each PRACH resource set can be configured with a PRACH frequency.
What values of YCH apply for PRACH and how are they associated to PRACH repetition levels?

We propose that the frequency hopping is radio frame based for PRACH.
Proposal:

· For PRACH, when frequency hopping is used, YCH = 10 ms.
What are the possible hopping patterns for PRACH FH, and how are they known to UE?

If PRACH frequency hopping is enabled for a PRACH resource set then we propose that hopping occurs between the PRACH frequency configured for that PRACH resource set and its mirror frequency with respect to the center frequency of the uplink system bandwidth. Whether the first PRACH repetition is transmitted on the configured PRACH frequency or on the mirror frequency is determined by whether the PRACH preamble index is even or odd.

Proposal:

· When PRACH frequency hopping is used then hopping occurs between the PRACH frequency configured for the PRACH resource set and its mirror frequency with respect to the center frequency of the uplink system bandwidth.
· Whether the first PRACH repetition is transmitted on the configured PRACH frequency or on the mirror frequency is determined by whether the PRACH preamble index is even or odd.

Are the number of narrowbands and/or the supported hopping patterns potentially different per PRACH repetition level?

As described above, we propose that a PRACH frequency is configured per PRACH resource set (i.e. per PRACH repetition level) and PRACH frequency hopping activation is configured per PRACH resource set (i.e. per PRACH repetition level). Frequency hopping occurs between the configured frequency and its mirror frequency. This means that two PRACH resource sets can be configured with each other’s mirror frequency so that two PRACH resource sets hop between the same two frequencies.
Proposal:

· PRACH frequency hopping is configured per PRACH resource set.
Is PRACH FH mandatory for all PRACH repetition levels? Is the answer to this question dependent on how many PRACH repetition levels are defined in a cell?

PRACH frequency hopping is configurable per PRACH repetition level independently of the number of PRACH repetition levels.
Proposal:

· PRACH frequency hopping is configurable per PRACH repetition level independently of the number of PRACH repetition levels.
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Figure 1: Multiplexing with frequency hopping between legacy and new PRACH resources
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Figure 2: Multiplexing with different coverage enhancement levels in difference PRACH resources

6 Conclusions

In this contribution we address open issues for random access for LC/CE UEs. 

Proposals on random access procedure:
1. Each PRACH resource set is configured with PRACH configuration index, first preamble index, last preamble index, maximum number of attempts and number of preamble repetitions per attempt.

2. PRACH resource set selection is based on the RSRP thresholds rsrpThresholdPrach-X.

3. There is no need to modify the PRACH resource configuration tables in 36.211.

4. The starting subframe for each PRACH repetition is predefined and derived from the SFN, the PRACH configuration index and the PRACH repetition level.

5. PRACH subframes unused by CE UEs within the 1024-frame SFN range are placed at the end of the SFN range.

6. The ranges for number of PRACH repetitions for each PRACH repetition level are {1}, {2, 4}, {4, 8, 16}, and {8, 16, 32, 64}, respectively.

7. Either agree that the maximum UE transmit power is used on the highest PRACH repetition level or agree that power ramping is used also on the highest PRACH repetition level (the latter case is our preference due to simplicity in specification).
Proposals on RAR reception:

8. M-PDCCH CSS for RAR is predefined in spec for each PRACH repetition level.

9. The starting subframe for M-PDCCH for RAR (the first one in the RAR window) is the end of the preamble transmission plus three subframes (similar to legacy operation).

10. The number of narrowbands used for M-PDCCH scheduling RAR is indicated in SIB.

11. The narrowband index for M-PDCCH scheduling RAR is derived from the PRACH preamble index and the PRACH repetition level.

12. For M-PDCCH scheduling RAR, at low CE levels, a multiple aggregation levels of L = {4, 8, 16, 24} are supported.

13. For M-PDCCH scheduling RAR, at high CE levels, a single aggregation level of L = 24 ECCEs is supported.

Proposals on Msg3/Msg4 scheduling and transmission:

14. The PUSCH narrowband and number of PUSCH repetitions for initial Msg3 transmission are indicated in UL grant in RAR.

15. If necessary in order to save bits in SIB or RAR, consider predefining a set of PUSCH repetition factors for Msg3 for each PRACH repetition level.

16. The M-PDCCH search space (AL and repetition level) for Msg3 retransmission and Msg4 is the same as for M-PDCCH for RAR.

17. The UE-specific frequency location of M-PDCCH for Msg3 retransmission and Msg4 can be different from the common frequency location of M-PDCCH for RAR.

18. The narrowband for M-PDCCH for Msg3 retransmission and Msg4 is indicated in UL grant in RAR.

19. Distributed transmission type is used for M-PDCCH for Msg3 retransmission and Msg4.

20. DMRS scrambling sequence initialization for M-PDCCH for Msg3 retransmission and Msg4 is based on UE ID (Temporary C-RNTI).

21. The number of PUSCH repetitions for Msg3 retransmission is indicated in DCI.

22. The number of PDSCH repetitions for Msg4 is indicated in DCI.

23. If necessary in order to save bits in SIB or RAR, consider predefining a set of PDSCH repetition factors for Msg4 for each PRACH repetition level.

24. The narrowband for PUSCH for Msg3 retransmission is explicitly indicated in DCI.

25. The narrowband for PDSCH for Msg4 is explicitly indicated in DCI.

26. PUSCH HARQ feedback for Msg3 is based on explicit retransmission grants in M-PDCCH.

Proposals on PRACH frequency hopping:
27. Each PRACH resource set can be configured with a PRACH frequency.

28. For PRACH, when frequency hopping is used, YCH = 10 ms.

29. When PRACH frequency hopping is used then hopping occurs between the PRACH frequency configured for the PRACH resource set and its mirror frequency with respect to the center frequency of the uplink system bandwidth.

30. Whether the first PRACH repetition is transmitted on the configured PRACH frequency or on the mirror frequency is determined by whether the PRACH preamble index is even or odd.

31. PRACH frequency hopping is configured per PRACH resource set.

32. PRACH frequency hopping is configurable per PRACH repetition level independently of the number of PRACH repetition levels.

Observation:

1. It is up to the network whether PRACH resources for LC/CE UEs overlap with legacy PRACH resources or not.
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