Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk513453549][bookmark: _Hlk513813318]3GPP TSG-RAN WG1 Meeting #93	Tdoc R1-1807256
Busan, South Korea, May 21-25 2018

Agenda Item:	7.1.3.3.2
Source:	Ericsson
[bookmark: _Hlk513813335]Title:	Remaining issues of DL Scheduling and Processing times
Document for:	Discussion/Decision
1	Introduction
We discuss the following aspects.
· UE processing capability#1 
· Confirmation of WAs for DL SPS release with an update
· Study of additional relaxation for back-to-back scheduling 
· Group TPC command
· UE processing capability#2
· Simultaneous decoding in case of overlap of SI, P, RA, TC – RNTI in RRC_IDLE

[bookmark: _Ref189046994]2	UE processing capability#1
The following aspects are discussed for UE processing capability#1 (while latency analysis is shown in [3]).
· Confirmation of WAs for DL SPS release with an update
· Study of additional relaxation for back-to-back scheduling 
· Group TPC command
2.1	Confirmation of WA on DL SPS release
For DL SPS release, the main intention at last meeting was to support a processing time that was short as there is no associated PDSCH decoding. However, the WA (N1 of front-loaded + 5 symbols) applies extra unnecessary relaxation which becomes more relaxed than PUSCH processing time (N2) for some SCS (15 and 30 kHz). Then we propose to adjust the WA for SPS release to choose minimum of N1+5 and N2 for each SCS, which only affects SPS release time for 15 and 30 kHz. This then implies N2 is used for 15 and 30 kHz SCS.

[bookmark: _Toc513817175]For DL SPS release, confirm the working assumption from RAN1#92bis with the following update.
Working assumption:
· The processing requirement for HARQ-ACK in response to DL SPS release is N OFDM symbols from last symbol of the corresponding PDCCH for UE Capability #1:
· 15 kHz case: 8 + 2 5
· 30 kHz case: 10 + 2 5
· 60 kHz case: 17 + 5
· 120 kHz case: 20 + 5

2.2	Additional relaxation for back-to-back scheduling
In last meeting, some companies proposed additional processing relaxation for back-to-back scheduling of PDSCHs. Quite some time was spent in Sanya to formulate the problem which took the form of a conclusion as shown below:Conclusion:
Consider whether further handling on UE processing time may be needed in the following cases
· [bookmark: _Hlk511846103]L1 is the length (in symbols) of a first PDSCH allocation
· L1-dmrs is location of last DMRS in the allocation 
· L2 is the length (in symbols) of a second PDSCH allocation
· L2-dmrs is location of last DMRS in the allocation 
· g is the delay (in symbols) between the first and second PDSCH allocation
· In case where L1 – L2 – g > 0
· The DMRS locations between the first and second PDSCH allocation are different


We first consider processing time for decoding broadcast PDSCH as broadcast was also mentioned in the discussions. Broadcast PDSCH uses QPSK, rank 1, no PDSCH mapped to symbols containing RS (in most cases) and very small TBS (relative to peak TBS for unicast) with a single code block. Therefore, broadcast PDSCH is not expected to cause bottleneck in pipelined processing in the demod or decode blocks. This is true for all cases, including when broadcast PDSCH is simultaneously received with unicast data, or with back-to-back scheduling of PDSCH with different durations. Thus, we think broadcast PDSCH should not factor into the discussion related to relaxation. 
Next, we look at the impact of back-to-back scheduling when a long PDSCH is followed by PDSCH that is short (unicast/broadcast + unicast/broadcast). We show in Figures 1-5 the following cases assuming 30 KHz SCS and N1 = 13 symbols (i.e. additional DMRS configured).
· 14-symbol PDSCH followed by 14-symbol PDSCH
· 14-symbol PDSCH followed by 2-symbol PDSCH
· 14-symbol PDSCH followed by 4-symbol PDSCH
· 14-symbol PDSCH followed by 7-symbol PDSCH
· 14-symbol PDSCH followed by 9-symbol PDSCH
Note: In figures, c -control, d – data, P- DMRS, yellow-blank
The figures illustrate pipelining operation of channel estimation, demodulation and decode blocks and feedback deadline (or processing time) according the current agreements and working assumptions. These include additional relaxations agreed for < 7 symbol PDSCH. We consider that demod and decode time would be roughly proportional to the PDSCH duration (e.g. symbol by symbol processing), though exact details may vary from one implementation to another, there are many design choices to manage a time budget.
The figures show that for some cases of long + short PDSCH (e.g. 14 followed by 2), the demodulation for latter PDSCH may be stalled until the prior PDSCH is processed completely, but the stalling does not cause any further delay in generating the feedback for the latter PDSCH. The main reason for this is that the current N1 definition already provides relaxation since the processing time for any PDSCH (be it 2 symbol duration or 14 symbols duration) is lower bounded by minimum N1 of 13 symbols. Moreover, with extensive discussions in Athens and Sanya, relaxations were provided for <7 symbol allocations.
Then, we find that back-to-back scheduling with PDSCHs of different durations do not seem to warrant further relaxation. In fact, looking further at the figures for some cases (14 followed by 2, 14 followed by 4. 14 followed by 9), the current spec provides over-relaxation which can be tightened a bit further. There can be many other cases, especially with > 1 additional DMRS configured, where UE can start interpolation for channel estimation, demod/ decode without waiting for the last DMRS allocated. This can help UE to speed up its processing.  
There is also a concern if further relaxation is added for back-to-back scheduling, then it can have a carry-over effect on processing times for all future PDSCHs. From a gNB scheduler perspective, it is rather undesirable to additionally manage dynamic processing times (on a UE-specific basis) that are affected based on previous scheduling decisions. 
Overall, we propose that no additional relaxation is provided for back-to-back scheduling of PDSCHs. 
[bookmark: _Toc513817176]No additional relaxation is provided for capability#1 for back-to-back scheduling of PDSCH.
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Figure 1. Illustration of processing for a 14-symbol PDSCH followed by a 14-symbol PDSCH.  
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Figure 2. Illustration of processing for a 14-symbol PDSCH followed by a 2-symbol PDSCH.
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Figure 3. Illustration of processing for a 14-symbol PDSCH followed by a 4-symbol PDSCH.
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Figure 4. Illustration of processing for a 14-symbol PDSCH followed by a 7-symbol PDSCH.
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Figure 5. Illustration of processing for a 14-symbol PDSCH followed by a 9-symbol PDSCH.

2.3	Group TPC commands
Currently, the group TPC command application time is not specified. For these commands, after decoding of the corresponding PDCCH, the UE must only adjust the power for uplink transmission and there is no other PUSCH preparation operation (in response to such commands) such as encoding or rate-matching, etc. Therefore, we propose these commands should be applied relatively fast without any additional relaxations (e.g. to align to slot boundary, etc). For PUSCH, then it can follow N2 timing, and for PUCCH, it can follow the DL SPS timing which would be considered tighter (with the updated proposed in 2.1) or with minimum of N2 and N, which is the DL SPS release. 
We further note that the group TPC command should not impact any ongoing transmission and is applied after any ongoing transmission is completed. 
[bookmark: _Toc513817177]Apply group-PUSCH-TPC command with a delay of N2 symbols.
[bookmark: _Toc513817178]Apply group-PUCCH-TPC command with a delay of min(N2,N) symbols, where N is DL SPS release processing requirement.
[bookmark: _Ref178064866]3	UE Processing capability#2
In last meeting UE processing capability#2 was discussed and following conclusion was reached. Conclusion:
At least for the following conditions below, the processing times listed in Table 2 have been considered as potential candidates for specification of Capability #2, although there has been no conclusion on the final value.
· Single numerology for PDCCH, PDSCH, and PUSCH and no UCI multiplexing
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· PDSCH allocation with at least 7 symbols is supported
· One unicast PDSCH received and/or one unicast PUSCH transmitted within the same slot
· FFS: More than one PDSCH and/or PUSCH case
· Single CC
· FFS: CA case with and without cross-carrier scheduling
· For C-RNTI only
· FFS: also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE
· FFS: whether Capability #2 relaxation is applied dynamically depending on conditions
· Note: Companies are also encouraged to provide processing times for 60kHz (FR1)
· Note: Companies are also encouraged to provide conditions under which more aggressive processing times (within the range) could be enabled

Table 2. UE Processing Times for Capability #2
Configuration
HARQ Timing Parameter
Units
15 KHz SCS
30 KHz SCS
Front-loaded DMRS only
N1
Symbols
[2.5-4]
[2.5-6]
Frequency-first RE-mapping
N21
Symbols
[2.5-6]
[2.5-6]
· 1If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2 in table.


Considering the processing times proposed, especially if the upper value of N1 = 6 gets adopted, there is a significant loss in efficiency as the resources in a slot must be left empty to satisfy the processing latency requirement. An example is shown below in Figure 1, where PDSCH must end almost within the first half of a slot to ensure the PUCCH can be transmitted at the end of the slot. The six empty symbols correspond to a 40% loss of resources which would be undesirable. The same empty resources and loss of efficiency would occur also for uplink scheduling if N2=6. 

[image: ]
Figure 1. Example showing empty resources due to N1 =6 and N2=6. 
One can argue that the empty resource in the slot following PDSCH 1 can be filled up with PUSCH for the same UE (or another UE), but it makes operation inefficient with asymmetric downlink uplink traffic. The empty region cannot be filled with PDSCH for the same user (unless the UE feature with reception multiple PDSCHs in a slot and/or multiple monitoring occasions can be mandated with capability#2) or even if a different user’s PDSCH is scheduled in the empty resource, it would place undesirable restrictions on the scheduling of next slot (PUCCH in middle of next slot). 
Considering future uses cases such as NR-U, the longer the gap after PDSCH, the more likely UE would lose access to the resource. 
On the other hand, a much tighter value of N1 would minimize the efficiency loss. e.g. a N1 of 2.5 corresponds to a more reasonable 17% and simplify system operation and UE implementations because latency reduction can be achieved with lesser reliance on other features such as multiple monitoring occasions within a slot, or reception of multiple PDSCHs within a slot and so on. 
Last meeting, it was suggested to consider potential restriction on the workload at the UE side as described in [2] to achieve aggressive N1/N2 values. We are supportive if the restriction can be kept simple and reasonable, such as CA order, rank or a PRB restriction with a reasonable number of PRBs (in range of 100~200 PRBs). Considering LTE sTTI where the only restriction comes from the schedulable resources (such as shortened duration of PDSCH/PUSCH), we think the restrictions for capability#2 should not be too limiting.  We further note that additional relaxation could be provided e.g. for cases when UCI is multiplexed on PUSCH.
[bookmark: _Toc513817179]Following table is adopted for UE processing times for Capability #2 at least for the conditions listed in conclusion from RAN1#92bis.
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5


 
The current capability#2 framework is only considering latency improvements for front-loaded DMRS case, but we think applying the extra-processing capability can also reduce latency for the additional DMRS case. For 2 additional and 3 additional DMRS cases, instead of starting channel estimation and demod/decode until after the end of reception of last DMRS symbol in the transmission, the UE should be able to start processing early with interpolation with partial DMRS reception and reduce the N1 value. For the case of 1 additional DMRS which occurs relatively closer to end of the slot, it seems the potential for tightening N1 value could be limited, but for other cases, this can bring in significant benefits. Therefore, we propose to support smaller N1 than that of Capability#1 when additional DMRS are configured.
[bookmark: _Toc513817180]For Capability#2 and additional DMRS configured, support smaller N1 than that of Capability#1.
4	Simultaneous decoding of PDSCHs in RRC_IDLE
RAN1 has finalized almost all details of simultaneous reception in case of RRC connected state including support of simultaneous reception of unicast PDSCH and broadcast PDSCH assigned by SI-RNTI for FR1. For RRC_IDLE, it was proposed at last meeting that some prioritisation may be considered. Proposals:
· UE behavior in RRC_IDLE: If any two PDSCH among SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH are overlapped with at least one symbol for a given UE from the primary cell, the UE is not required to decode both of PDSCH simultaneously
· FFS: the prioritization of the PDSCH to be decoded
Discuss till next meeting


As mentioned in sec 2.2, broadcast PDSCH uses QPSK, rank 1, no PDSCH mapped to symbols containing RS (in most cases) and very small TBS (relative to peak TBS for unicast) with a single code block, and hence requiring simultaneous decoding of broadcast PDSCHs in Idle mode does not cause bottleneck in pipelined processing in the demod or decode blocks. 
Even for FR2, for Idle mode UE, NW does not convey any QCL assumption to the UE. Since the UE uses the QCL assumptions for a certain SSB for all the RNTIs, there seems to be not a case where the UE is required to apply different QCL assumptions for the different RNTIs. Thus, simultaneous decoding for FR2 in Idle mode should be feasible.
Given the above and to simplify higher layer protocol, applying unified handling for FR1 and FR2 for Idle mode is preferred. We propose the following.
[bookmark: _Toc513817181]For RRC_IDLE and RRC_INACTIVE, even in case of overlap of PDSCHs among SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH, the UE decodes the PDSCHs.  
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Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For DL SPS release, confirm the working assumption from RAN1#92bis with the following update.
Working assumption:
· The processing requirement for HARQ-ACK in response to DL SPS release is N OFDM symbols from last symbol of the corresponding PDCCH for UE Capability #1:
· 15 kHz case: 8 + 2 5
· 30 kHz case: 10 + 2 5
· 60 kHz case: 17 + 5
· 120 kHz case: 20 + 5

Proposal 2	No additional relaxation is provided for capability#1 for back-to-back scheduling of PDSCH.
Proposal 3	Apply group-PUSCH-TPC command with a delay of N2 symbols.
[bookmark: _GoBack]Proposal 4	Apply group-PUCCH-TPC command with a delay of min(N2,N) symbols, where N is DL SPS release processing requirement.
Proposal 5	Following table is adopted for UE processing times for Capability #2 at least for the conditions listed in conclusion from RAN1#92bis.
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	2.5
	2.5

	Frequency-first RE-mapping
	N21
	Symbols
	2.5
	2.5



Proposal 6	For Capability#2 and additional DMRS configured, support smaller N1 than that of Capability#1.
Proposal 7	For RRC_IDLE and RRC_INACTIVE, even in case of overlap of PDSCHs among SI-RNTI PDSCH, P-RNTI PDSCH, and RA-RNTI/TC-RNTI PDSCH, the UE decodes the PDSCHs.
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