3GPP TSG RAN WG1 #82                                                        R1-153845
24th-28th Aug 2015
Beijing, China
Agenda item:    7.2.1.1
Source:             Qualcomm Incorporated
Title:                  Physical channel time and frequency relationship
Document for:  Discussion and Decision 

1. Introduction
Agreements:
· A narrowband is defined as a set of contiguous PRBs

· At least for TDD, the same set of narrowbands are specified for both DL and UL
· NOTE: This avoids additional retuning in TDD

· Narrowbands are non-overlapping

· FFS: Some PRBs may not be included in any narrowband

· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)
· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands
· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)
· FFS how the narrowbands are defined across the system BW
· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH
Agreements:
· Working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz

· Working assumption: The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth. 

· For frequency hopping of a channel CH, 

· YCH (frequency hopping granularity) is determined based on one of the following options

· Alt 1. A common value is used 

· FFS whether YCH is specified in the spec or configured by MIB/SIB1

· Alt 2. Multiple values are used (e.g., a single value per coverage/repetition level)

· FFS the details including mappings

· Alt 3. YCH is variable

· YCH is determined based on repetition number and the number of narrow-bands used for hopping

· One hop per narrowband (one retuning per narrowband)

· Note: Hopping pattern of common channels such as SIBx is cell-specific 

· FFS whether frequency hopping  can be used for LC UEs in non-CE

· FFS on details of mapping between hopping pattern(s) and channels
In this document we present our views on different aspects of time-frequency relationship between physical channels.
2. HARQ / Scheduling timing
2.1. Downlink scheduling timing (MPDCCH(PDSCH)
For UE in good coverage, same subframe scheduling should be supported to achieve peak data rate, e.g. in a narrowband 1 RB can be used for MPDCCH and the remaining 5 for PDSCH. The signaling of same-subframe or cross-subframe can be dynamically (DCI) or semi-statically signaled per UE (RRC), or be derived as a function of UE capability (e.g. number of HARQ).
Proposal 1: Support same subframe scheduling for UE in normal coverage.
For UE in coverage enhancement, we propose that the first PDSCH subframe of a bundle is located in the same narrowband as the MPDCCH. Note that if bundled MPDCCH finishes in time instant T and we want to support dynamic frequency allocation, the retuning frequency would not be known up to time  T+Δ, with Δ the MPDCCH decoding time. Thus, the initial retuning time would need to account for this extra delay. In CE mode the gain from eNB flexible scheduling is expected to be relatively small due to the lack of accurate CSI, so there are more benefits than disadvantages when fixing the initial narrowband to be the same as MPDCCH.

Proposal 2: For UE in CE, the first PDSCH following a bundled MPDCCH is located in the same narrowband.
2.2. Uplink scheduling timing (MPDCCH(PUSCH)
For scheduled PUSCH we follow the same timing as legacy UE, e.g. an MPDCCH in subframe N schedules a PUSCH in subframe N+K. The value of K depends on the FDD/TDD configuration.
For bundled MPDCCH, subframe N is given by the last subframe of the bundle. In case candidates of multiple repetition levels are monitored, and a candidate in a small repetition level is fully contained by a larger repetition level, the value of N should be given by the end of the MPDCCH that decodes.
Proposal 3: Uplink scheduling timing follows legacy timing for both FDD and TDD.
2.3. Downlink HARQ timing (PDSCH(PUCCH)
For UE in extended coverage (bundled PDSCH or bundled PUCCH), PUCCH transmission follows legacy timing, i.e. a PDSCH transmission in subframe N is acknowledged by a PUCCH transmission in subframe N+K. The value of N is given by the last subframe in a bundle.
Proposal 4: Downlink HARQ timing for UE in CE follows legacy timing counting from the last subframe in the bundled transmission.
For UE in normal coverage, following legacy timing at least in HD FDD would greatly reduce the peak rate achievable for the UE, at least if the number of HARQ processes is not limited to a small value. Ideally the peak data rate would be 1Mb/s (one TB of size 1000 every subframe), but in practice this value is going to be reduced due to HARQ feedback and half duplex operation. If we follow current FDD N+4 timing, the peak data rate is reduced to 0.5Mb/s, even in the ideal case of instantaneous retuning (half of the time we would be transmitting ACK in uplink). If we enable a relaxed 1ms retuning, then we can only use 3/5 subframes for DL transmission, so the data rate would be 0.3Mb/s.
In order to solve this problem, we propose two different solutions:

1. Disable HARQ: By disabling HARQ we are able to achieve 1Mb/s in the downlink without the need to support large HARQ buffers. In this case, the physical layer would have a lower reliability and would need to rely on RRC retransmissions for lost data.

2. Signal TDD configuration for HD users: Even when the UE is operating in FDD, the HARQ and scheduling timing would follow a given TDD configuration. If we signal TDD configuration 5, for example, we could achieve 0.9Mb/s with HARQ. Also, this kind of signaling removes a possible loss of sync between UE and eNB about which subframes are used for uplink or downlink.
Proposal 5: Adopt some changes to HARQ operation in HD FDD to support peak data rate for normal coverage UE, e.g. by disabling HARQ or by fixing a TDD configuration.
2.4. Uplink HARQ 

Low cost UE are not able to decode PHICH, so an alternative uplink HARQ signaling has to be adopted. We propose to signal uplink HARQ ACK/NACK in M-PDCCH, e.g. by flipping the NDI bit. Explicit ACK for last transmission in a burst is not needed, the UE would flush the buffer after maximum time is achieved. This could apply to both UE in CE and UE in normal coverage. 
In case multiple HARQ processes are used, async HARQ should be implemented

Proposal 6: Uplink HARQ ACK is transmitted over DCI in M-PDCCH. Uplink HARQ is asynchronous with automatic buffer release after max time achieved without being scheduled.
3. Subframe availability

For TDD and FDD not all the subframes are available for transmission (uplink or downlink) due to different reasons, e.g. MBSFN, TDD configuration, etc. For non-bundled transmissions the eNB can take care of these subframes by scheduling, but bundled transmission require further details on the handling of unavailable subframes. We classify these subframes in two main groups:

· Subframes not available to any UE: Examples of this type of subframes are DL subframes for UL transmission in TDD, MBSFN subframes for DL. 
· Subframes not available to some UE: For example due to retuning gaps.
For the subframes in the first group, we propose to skip and postpone, i.e., do not transmit in that subframe but save the transmission opportunity for later on. For example, consider a bundle size of 6 as follows:


If subframes 1 and 3 are not available due to MBSFN or TDD, the transmission would be as follows 

 
i.e., the bundle size is maintained. This strategy does not increase the eNB scheduling complexity, since the behavior of all UE is the same for these subframes.

For subframes in the second group, the postponing of subframes would cause the different behavior for different UE, thus increasing the complexity of the eNB scheduler. In this case, the subframes that are skipped are lost, thus effectively decreasing the bundle size of that transmission. This constraint should be considered in the eNB scheduler when setting the transmission parameters, for example by decreasing the TB size.
Proposal 7: The subframes that are not available to any UE (e.g. due to TDD configuration or MBSFN) are postponed. The subframes that are not available to a particular UE (e.g. due to retuning gaps) are skipped/lost.

In eIMTA TDD cells, a narrowband UE is not able to decode PDCCH, thus not being able to track the changes in TDD configuration. Signaling this information to eMTC UE would be costly and inefficient (bundled transmissions, simultaneous transmission of the same information in many narrowbands), so we propose that eMTC UE are not aware of eIMTA. In this case, some mechanism is needed to signal the UE which subframes to use for UL and DL transmission. One possibility is to signal the UE a TDD configuration to follow for downlink, and a different one for uplink. For example, we could signal cfg1 for DL and cfg2 for uplink, such that subframes 3 and 7 are not used in any direction.

Table 1 UE uses TDD cfg1 for DL and cfg2 for UL. Subframes 3 and 7 are not used for transmission.

	DL (cfg1)
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	UL (cfg2)
	D
	S
	U
	D
	D
	D
	S
	D
	U
	D


Proposal 8: In TDD with eIMTA, a UE is configured with a TDD configuration for uplink and a different one for uplink.
4. Narrowband definition and hopping pattern

The current agreement is that each narrowband contains 6PRB aligned with legacy PRB, and that the narrowbands are non-overlapping. For the current LTE bandwidth, the number of PRB is not a multiple of 6, so the definition of smaller narrowbands would be beneficial from a efficiency point of view. For example, if only 6RB narrowbands are defined, 3/15 RB would not be used in 3MHz channels, so 20% of the RE would not be available for eMTC UE. To maximize the number of usable RE, we propose that the number of narrowbands is ceil(NRB/6). The way to select the mapping between PRB/RE and these narrowbands is not straightforward due to the presence of smaller narrowbands. We make the following observation:

· When performing cell acquisition, the UE has to be tuned to the center 6RB. During this period, the UE tries to acquire PSS/SSS/PBCH. To reduce battery consumption, it might be useful to transmit some short control messages (e.g. paging) in these center 6RB, so that the UE does not have to retune when waking up to read a paging message, for example. Therefore, it is desirable to define the center 6 RB as one of the narrowbands.

If this narrowband is defined (let us denote it by narrowband C), the definition of the other narrowbands can be done by taking PRB in groups of 6 from the band edge until we overlap with narrowband C. Smaller narrowbands are selected when there remaining RB are less than 6. An example of narrowband mapping is shown in the next table, where [A,B] means PRB from A to B, including both.

Table 1 Example of definition of narrowbands for 1.4MHz, 3MHz and 10MHz bandwidths

	Bandwidth (in RB)
	Narrowbands
	Narrowband C

	6
	C
	[0,5]

	15
	[0,3], C, [10,14]
	[4.5, 9.5]

	50
	[0,5], [6,11], [12,17], [18, 21], C, [28,31] [32,37] [38,43] ,[44, 49]
	[22,27]


It is worth noticing that the center 6RB for bandwidths with odd number of RB do not align with the PRB boundaries. For example, for the case of 15RB, PBCH uses RB 5,6,7,8,9 and half of PRB 4 and 10. In such a case, if the center 6RB are considered a narrowband, it might be difficult to align the RB boundaries with legacy PRB.
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Figure 1 Center narrowband definition for 3MHz channel
Regarding uplink narrowband definition, it has been observed that the narrowband definition only provides a 1 bit saving in DCI format, so it might not be beneficial to define uplink narrowbands. In this case, the eNB has complete control and flexibility for uplink scheduling.

Proposal 9: The number of downlink narrowbands in a cell with NRB resource blocks is ceil(NRB/6). One of the narrowbands is aligned with the PBCH allocation. Smaller narrowbands are used to fill the gaps between 6RB narrowbands.

In order to simplify the signaling, the hopping operation could be fixed between two narrowbands based on initial narrowband. For example, let us number the 9 narrowbands for 10MHz bandwidth as 0,…,8, and let us define the narrowband pairs {0,5}, {1,6}, {2,7}, {3,8}. Then, hopping is always performed inside a pair (e.g. if the first narrowband for transmission is 0, the second is 5 and viceversa). Also, the length of the hopping pattern (X,Y) can be different for different UE, at least if they are in different coverage enhancement levels. Also, due to the symmetric narrowband definition, it is always possible to pair narrowbands of the same size.

[image: image2.emf]
Figure 2 Hopping pattern for 10Mhz (9 narrowbands). The center narrowband does not hop, and hopping is always performed between narrowbands of the same size.
Proposal 10: The hopping pattern for a given bundle size (X and Y) is predetermined between two narrowbands (e.g. fixed by spec or SIB1) based on the initial narrowband. The hopping frequency is different at least for UE in different CE levels.

5. Number of HARQ processes

One factor that could impact the cost of eMTC UE is the amount of memory dedicated to HARQ processes. It has been discussed to reduce the number of HARQ processes drastically to reduce the device cost. For example, supporting only 1 HARQ with a TB size of 1000 would greatly reduce the amount of memory required by HARQ, but may limit the achievable rate. For users in large CE, 2 HARQ appear to be enough, where bundled transmissions are expected for both uplink and downlink and, therefore, no gain is achieved by transmitting in more than 2 HARQ processes simultaneously.
For low-cost UE in good coverage, limiting the number of HARQ processes would greatly affect the achievable peak data rate. For example, if only 1 DL HARQ process is available, the peak data rate would be 0.25Mb/s due to stop-and-wait HARQ and a turnaround of 4ms. We propose to enable the use of a larger number of HARQ processes (the necessary number to achieve peak data rate, as discussed in Section 2.3), but the number of HARQ buffers is left to UE implementation. For example, a UE might choose not to perform HARQ combining across retransmissions, and treat each one of them as a first transmission. This would decrease the reliability of the PHY layer, but would enable high data rates without increased memory requirements. Some signaling could be introduced to inform the eNB of this limitation, e.g. to fix retransmissions to have RV0, or to adjust the target FER of the link adaptation loop to a different value.
Proposal 11: UE in extended coverage use 2 HARQ processes for unicast data. UE in normal coverage use the necessary number of HARQ processes to achieve peak data rate, but the number of DL HARQ buffers can be smaller.
6. Retuning behavior

One open issue is the retuning speed for eMTC UE. A larger retuning speed would increase the spectral efficiency at the expense of more stringent hardware requirements. Also, a larger retuning speed would not result in a much higher DL spectral efficiency, as retuning can happen during the legacy PDCCH region, which is not used by eMTC UE. Thus, we propose to keep a 2 symbol retuning period. For uplink we also propose to use 2 symbols, so the behavior for PUSCH is such that the first two OFDM symbols after hopping are not used for transmission. Hopped PUCCH has to be more carefully designed to ensure orthogonality between eMTC and wideband legacy users.
Proposal 12: The retuning time is 2 symbols for both uplink and downlink.
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Figure 3 Retuning behavior for downlink: for the subframe after retuning, UE behaviour is equivalent to assuming 2 control symbols. For the rest of the subframes, UE assumes N control symbols (as signalled by eNB)

7. Bundle size determination

It is currently agreed that the repetition level for unicast PDSCH/PUSCH is dynamically indicated based on a set of values from higher layers. This bundle size determination is especially important when UE are operating in a time-varying environment, such that higher repetition levels may be needed if the radio conditions of a UE get worse. For example, consider a UE operating in 10dB CE level. The UE may use a bundle size of X, but if the channel gets worse because of fading, the UE might need a bundle size of 2X. This is especially useful for cases like triggering an RRC reconfiguration to move a UE to a higher coverage enhancement level. In such a case, the corresponding MPDCCH scheduling the PDSCH may also require a higher bundle level. Therefore, at least for PDSCH, it is important to create some dependency between the bundle size of PDSCH and that of MPDCCH.

A possible implementation is as follows: there is a 1-bit field in DCI named BundleSize. The UE is monitoring MPDCCH with aggregation level 24 (6 RB) and repetition levels 2 and 4. The bundle size determination can be performed by using the following table:

	MPDCCH repetition level
	BundleSize field (1 bit)
	Bundle size of PDSCH

	2    
	0
	10

	2
	1
	20

	4
	0
	40

	4
	1
	60


The BundleSize field is interpreted in a different way depending on the repetition level of the decoded MPDCCH.

Proposal 13: The bundle size at least for unicast PDSCH is derived from the MPDCCH repetition level and a field in DCI.

8. Summary

Proposal 1: Support same subframe scheduling for UE in normal coverage.

Proposal 2: For UE in CE, the first PDSCH following a bundled MPDCCH is located in the same narrowband.

Proposal 3: Uplink scheduling timing follows legacy timing.
Proposal 4: Downlink HARQ timing for UE in CE follows legacy timing.
Proposal 5: Adopt some changes to HARQ operation in HD FDD to support peak data rate for normal coverage UE, e.g. by disabling HARQ or by fixing a TDD configuration.
Proposal 6: Uplink HARQ ACK is transmitted over DCI in M-PDCCH.

Proposal 7: The subframes that are not available to any UE (e.g. due to TDD configuration or MBSFN) are skipped and postponed. The subframes that are not available to a particular UE (e.g. due to retuning gaps) are skipped and lost.

Proposal 8: In TDD with eIMTA, a UE is configured with a TDD configuration for uplink and a different one for uplink.

Proposal 9: The number of downlink narrowbands in a cell with NRB resource blocks is ceil(NRB/6). One of the narrowbands is aligned with the PBCH allocation. Smaller narrowbands are used to fill the gaps between 6RB narrowbands.

Proposal 10: The hopping pattern for a given bundle size (X and Y) is predetermined between two narrowbands (e.g. fixed by spec or SIB1) based on the initial narrowband. The hopping frequency is different at least for UE in different CE levels.

Proposal 11: UE in extended coverage use only 2 HARQ process for unicast data. UE in normal coverage use the necessary number of HARQ processes to achieve peak data rate, but the number of DL HARQ buffers can be smaller.

Proposal 12: The retuning time is 2 symbols for both uplink and downlink.
Proposal 13: The bundle size at least for unicast PDSCH is derived from the MPDCCH repetition level and a field in DCI.
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