3GPP TSG RAN WG1 Meeting #82
R1-154328
Beijing, China, August 24-28, 2015
Agenda Item:
7.2.1.1
Source:
Huawei, HiSilicon

Title:
Retuning for PSS/SSS, PBCH, and possibly other channels
Document for:
Discussion and decision
1 Introduction
In RAN1#80bis, it was agreed that at least PSS/SSS and PBCH do not frequency hop, but that retuning may be implied for receiving these transmissions when the UE is previously receiving PDSCH/PUSCH:
Agreements:
· Frequency hopping over the system bandwidth is not used for at least

· PSS/SSS

· PBCH
And

Agreements:
· For a Rel-13 low complexity UE not operating coverage enhancements:

· Multiplexing of ‘Physical downlink control channel for MTC’ and un-associated PDSCH in the same subframe to the same UE is supported.

· When the UE is not required to retune to other narrowband region due to monitoring of PSS/SSS, PBCH, SIB, paging occasion, etc.,

· In FD-FDD, the UE can receive PDSCH and transmit PUSCH in every subframe.
· In TDD, the UE can either receive PDSCH or transmit PUSCH in every subframe.
· In HD-FDD, the UE can either receive PDSCH or transmit PUSCH in most subframes (i.e. more than half of the subframes).
This contribution discusses UE behavior and eNB expectations at the times when UE needs to re-tune to receive PBCH and PSS/SSS.
2 Discussion
2.1 Retuning for PBCH and PSS/SSS

In the tables below, we list the main cases where the UE can need to receive PBCH or PSS/SSS, and whether it could be receiving PDSCH/PUSCH at that time, and thus could need to retune from one narrowband to another.
Table 1: Causes of needing to retune to receive PBCH/MIB

	Cause of PBCH/MIB reception need
	Possible unicast PDSCH?
	Possible common PDSCH?
	Possible PUSCH?
	eNB knows UE behavior?

	Every 3 hours
	(
	(
	(
	N

	SystemInfoModification
	
	(
	(
	Y

	systemInfoValueTag
	
	(
	(
	Y

	Cell re-selection
	
	(*)
	
	N

	TAU
	
	(*)
	
	N

	Handover
	(
	(
	(
	Y

	Implementation choice
	(
	(
	(
	N


Table 2: Causes of needing to retune to receive PSS/SSS
	Cause of PSS/SSS reception need
	Possible unicast PDSCH?
	Possible common PDSCH?
	Possible PUSCH?
	eNB knows UE behavior?

	After long DRX
	(
	
	
	Y

	After eDRX
	(
	
	
	Y

	Cell re-selection
	
	(*)
	
	N

	Implementation choice
	(
	(
	(
	N


For (*), the UE is IDLE, so we assume it will camp and conduct RRM measurements on the same narrowband as PBCH, PSS/SSS. However, implementation or NW configuration could have the UE camp and/or measure on another narrowband in which case retuning would result.

In some of these cases, the eNB can know the UE behavior, but in other cases it may not.
For PBCH/MIB, in the case of SI modification, indicated via either paging or MTC-SIB1, the eNB knows that the UE will need to re-acquire MIB after the next BCCH modification period boundary, so retuning toward PBCH/MIB is predictable. However, eNB cannot know when the UE will succeed in that process (which also requires SIB re-acquisition), but it can make some reasonable estimates based on a certain number of MIB/SIB repetition cycles being sufficient with high probability and allow unicast HARQ ACK/NACK to be an indicator of success/failure. Other methods as used currently can also be adopted.
For the expiry of the 3 hour SI validity timer, in principle the eNB can know per UE when that would occur. Whether this is practically possible is less clear and would probably be a new eNB function to implement. It would be safe to assume the eNB does not know when UEs retune for the 3 hour expiry.
When the UE is IDLE, but requires cell-reselection, the UE behavior is clearly unknown to the eNB, but since the UE is IDLE, the eNB does not need to know its behavior. For a tracking area update (TAU), there is a similar case. For both of these, as the note to the table indicates, actually the UE will probably not need to retune assuming a likely UE implementation.
UE implementation choice can also exist for a Rel-13 LC MTC UE, differently to other UE types which have no need to retune. If this case is permitted, the eNB does not know the UE behavior. It also cannot be easily distinguished by detecting HARQ NACK because the UE may have moved into a poorer coverage/interference situation instead. 
For PSS/SSS, in principle the UE should not need to retune while CONNECTED, unless the MTC UE implementation prefers to do so. Therefore, the main cases are the UE awakening from a long DRX cycle, especially on the likely timescales of the eDRX WI. In these cases, the eNB can safely assume the UE will have completed any need to re-tune for PSS/SSS before the first scheduled subframe for PDSCH transmission. For cell re-selection and MTC UE implementation choice, the situation is the same as for PBCH/MIB.
2.2 UE behavior
UE behavior in these cases needs to be different depending on whether a PDSCH reception is for unicast or common message(s), and on the retuning time RAN1 specifications need to support following RAN4 discussions. RAN4 will agree on one value for retuning time at RAN4#76, expected to be between 76 μs and 350 μs.
2.2.1 PDSCH
For PDSCH reception, as we have analyzed in other contributions [1]-[3], there can be potentially large resource waste if eNB and UE have non-aligned behaviors, due principally to DL resource waste, especially in deep coverage enhancement. 
For unicast PDSCH, in the cases of Table 1 where the UE does not need to retune to receive MIB until a BCCH boundary, that boundary serves to align eNB and UE expectations. In such cases, the UE should not retune any earlier than the modification boundary to receive an updated MIB. If the UE is already acquiring an updated MIB following a BCCH modification notification, then existing specifications would require the process to complete, and also require the UE to acquire updated SIBs before the UE had a valid configuration for the cell. Therefore, the UE should not retune away from the PBCH resources and the eNB has no reason to schedule a unicast PDSCH at these times.
Proposal 1:
UE prioritizes the reception of a unicast PDSCH over reception of an updated MIB when the PDSCH reception has begun before a BCCH modification notification.

Proposal 2:
UE can assume the eNB does not schedule unicast PDSCH after a BCCH modification until the UE has re-acquired all System Information, i.e. UE prioritizes PBCH reception at such times.
For common message PDSCH, if an MTC UE receives a BCCH modification notification, it is possible it could have a procedure to abandon receiving at least SIBs until after the next BCCH modification period boundary. However, it should not abandon an ongoing RAR reception since it can be expected that the eNB will postpone the rest of the random access procedure until it can assume the UE has refreshed the SI. If the UE receives BCCH modification notification via MTC-SIB1, then it should still not abandon an ongoing paging reception in case the other fields in the paging message are being used (EAB, CMAS, ETWS, etc., if supported). In practice, the UE would not receive two paging messages in two consecutive POs because the eNB would almost always be able to convey all the information in just one message. Priority between RAR and Paging (and SIB in other cases) and unicast PDSCH we discuss more in [3]. In summary:
Proposal 3:
UE prioritizes reception of PDSCH for RAR or Paging over reception of an updated MIB when the PDSCH reception has begun before a BCCH modification notification.

Proposal 4:
UE can prioritize reception of an updated MIB over receiving SIBs after a BCCH modification notification.
For both unicast and common message PDSCH, if the UE is receiving PBCH according to its own implementation or is camping on the narrowband for common messages, then it is helpful for the UE to predict when it may need to retune to receive unicast or common message PDSCH in other narrowbands. For example, it is reasonable for a UE with no current PDSCH expectation to remain on the PBCH and PSS, SSS narrowband to maintain accurate synchronization and check MIB without needing to receive an indication followed by retuning. There is a chicken-egg problem in this case as it may be difficult to find space for EPDCCH to schedule a PDSCH, and especially unicast PDSCH, in another narrowband. This is eased if the UE knows that some subframes are designated for (e.g.) unicast PDSCH and it can retune to such a band at the appropriate subframe. This allows the PDSCH to begin up to 2 subframes earlier in the narrow-RF case: one by not decoding EPDCCH and one by pre-emptively retuning. In the case of narrow-baseband, it allows 1 subframe earlier PDSCH by not decoding EPDCCH. Given the many complicated scheduling rules imposed by the Rel-13 MTC design, these extra transmission opportunities are valuable to the eNB.
Proposal 5:
UE retuning away from receiving PBCH and PSS/SSS occurs at least at some known subframes.

2.2.2 PUSCH

Retuning for PUSCH in FDD is not directly related to acquiring PBCH or PSS/SSS. However, as we discuss in [4], there are some chances to reduce DCI or RAR size if PUSCH resources for an MTC UE are linked to the resource of another transmission. We gave the examples of PUSCH for Msg3 being the same as those of PRACH and (for an RRC CONNECTED UE), for PUSCH positioning being derived from the PDSCH location and a default duplex distance. In the latter example, when the UE re-tuned to camp on the narrowband for PBCH (e.g. there is no PDSCH for a while) or re-tuned away from it to locate at a unicast narrowband, the automatic re-location of PUSCH would provide frequency diversity similar to frequency hopping, with the advantage that no signaling bits are required to control PUSCH hopping. Since it is claimed that most frequency hopping gain is achieved with a single hop, this could be a simple way to implement PUSCH frequency hopping.
In TDD, if the UE has re-tuned to the PBCH/PSS/SSS narrowband (for DL subframes) in order to acquire either transmission, then it has little reason to retune again for UL transmission since it either has out-of-date system information or has lost synchronization. Therefore, although the RAN1#80bis agreement is accurate, it may not be useful after a modification of MIB.
2.3 Other possible retuning
It is possible that the UE may need to re-tune to receive some other high priority transmissions, notably MTC-SIB1, which then have to be considered in the scope of the RAN1#80bis agreements on PDSCH/PUSCH availability. Of course, SIB1 is a PDSCH transmission so this can be considered within the agreed availability rules. The cases where UE needs to re-acquire MTC-SIB1 should be aligned with those for MIB (that is, in most cases, after the end of validity of SI for some reason), but MTC-SIB1 reception would usually come after MIB reception, and may be in the same or a different narrowband depending on resource requirements. Again, this could be a case where it is useful for the UE to know in advance in which subframe to re-tune for MTC-SIB1 reception to ease potential congestion in the control resources of the PBCH/PSS/SSS narrowband.
3 Conclusions
In this paper we discussed UE behavior and eNB expectations at the times when UE needs to re-tune to receive PBCH and PSS/SSS as these transmissions will not hop, but they are essential for the UE to receive and there could be simultaneous PDSCH transmissions for the UE. We make the following proposals:
Proposal 1:
UE prioritizes the reception of a unicast PDSCH over reception of an updated MIB when the PDSCH reception has begun before a BCCH modification notification.

Proposal 2:
UE can assume the eNB does not schedule unicast PDSCH after a BCCH modification until the UE has re-acquired all System Information, i.e. UE prioritizes PBCH reception at such times.
Proposal 3:
UE prioritizes reception of PDSCH for RAR or Paging over reception of an updated MIB when the PDSCH reception has begun before a BCCH modification notification.

Proposal 4:
UE can prioritize reception of an updated MIB over receiving SIBs after a BCCH modification notification.

Proposal 5:
UE retuning away from receiving PBCH and PSS/SSS occurs at least at some known subframes.
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