3GPP TSG-RAN WG2 Meeting #91bis
R2-154386
Malmo, Sweden, October 5-9, 2015

Agenda item:
7.10.1
Source: 
Intel Corporation
Title: 
Further aspects of fast uplink access solutions 
Document for:
Discussion
1. Introduction

At RAN2#91, following agreements were reached regarding SI on latency reduction techniques [1] [2]:

Agreements
1
It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data is available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signalling.

2
A shorter SPS interval (1 TTI) should be supported

In this contribution, we analyze the potential impacts of above agreements and further aspects of fast uplink access solutions. 
2. Discussion
2.1. SPS 
RAN2 discussed and agreed that one of the ways to enable fast uplink access is to reduce the minimum SPS interval further from currently specified 10 sf (subframe) to 1 TTI. 

2.1.1. SPS release
Based on agreement 1 above, after SPS is configured and activated, the UE can skip the configured UL grant if there is no UL data. Therefore the Multiplexing and Assembly entity at the UE will not provide “consecutive MAC PDUs containing zero MAC SDUs”. That means implicitReleaseAfter parameter in SPS-ConfigUL setup IE becomes irrelevant. Explicit SPS release will be required if the network wants to de-activate the SPS configured for the UE.
Observation 1. SPS release should be modified to support UE skipping UL transmission based on SPS.
2.1.2. HARQ Retransmissions

With 1TTI SPS interval, according to current specification (Section 5.4 in [3]), HARQ retransmission of UL data sent on SPS-configured resources need to be done using adaptive retransmissions on UL resource grants explicitly signalled using PDCCH. The same problem can exist for other shorter SPS intervals, for example, 2TTI, 4TTI and 8TTI in FDD mode as the currently specified HARQ Round Trip Time in UL (8TTI) would be integer multiple of SPS periodicity. This is because there will always be a configured UL grant in the TTI when HARQ retransmission is required, which will be used to generate new transmission, unless an UL grant is explicitly signalled using PDCCH for that TTI. This can significantly increase PDCCH load. As one possible solution, MAC protocol (Section 5.4 in [2]) can be updated to allow non-adaptive retransmission on configured UL grants. 

Note that this problem is possible but less severe with SPS intervals where lowest common multiple of HARQ RTT and SPS interval is high. For example, with 10TTI SPS interval, only the 5th HARQ retransmission TTI would coincide with SPS configured TTI (lowest common multiple is 40TTI); and the likelihood of needing 5th HARQ retransmission is very low in practice.
Observation 2. HARQ operation may be modified in order to support non-adaptive HARQ retransmission in the configured uplink grant.
2.1.3. SPS and Short TTI
In RAN2#90 and RAN2#91, evaluation results have been presented and discussed which showed that TTI reduction is another potential candidate solution for RAN latency improvements. It is reasonable to assume that short TTI operation should coexist with the legacy LTE (1ms TTI) operation. Depending on the specific design, this coexistence can pose several challenges.

With legacy TTI of 1ms, there are 10 subframes within a radio frame of 10ms. For coexistence, it is natural that the radio frame duration will be kept same as legacy radio frame duration. That means, for short TTI, there will be more than 10 TTIs per radio frame. This will require updating the conditions by which the subsequent SPS grants are inferred ([3] Section 5.10).
With short TTI, the exact procedure to enable shorter SPS interval of 1 TTI depends on RAN1 design because SPS is activated via DCI signalling (PDCCH). If PDCCH is not present in every TTI, the conditions given in [3] (Section 5.10) need to be updated accordingly. 
Furthermore, it is possible that number of useful REs (and therefore TBS) to transport user data may be significantly different across different short TTIs. This is possible for example, if PDCCH is only present in first TTI in a slot-based (0.5ms) TTI, and/or if number of OFDM symbols are different in different TTIs (e.g., 3 symbol TTI followed by 4 symbol TTI per slot in a configuration using normal CP). This possesses additional challenge for 1 TTI SPS interval because the size of UL grants can be very different in consecutive TTIs. 
On the other hand, if the legacy subframe numbering in terms of 1ms legacy TTI is preserved by identifying short TTIs within a legacy subframe by a mini-subframe or short-subframe index, then existing configurations for periodicity may be reused, however that limits the minimum interval to 1ms (instead of 1 TTI). In addition, further changes are needed to indicate the SPS configuration/activation corresponding to a specific mini-subframe index. 
Based on above discussion, protocol impacts of 1TTI SPS interval for legacy operation (1ms TTI) may be minimal. However, the extent of protocol impact to support SPS on short TTI depends on RAN1 design of short TTI.
Observation 3. The extent of protocol impact to support SPS on short TTI depends on RAN1 design of short TTI channels.
Observation 4. Potential protocol impacts of reducing SPS periodicity to 1 TTI needs to be studied.
2.2. Frequent dynamic grants
2.2.1. Resource allocation
Another solution that is assumed with respect to skipping uplink transmission agreement to enable fast UL access is to provide unsolicited dynamic grants to UEs frequently, without requiring the UE to send SR/BSR, based on implementation specific criteria, e.g. the estimation of UE traffic pattern etc. Depending on the load conditions and available resources, eNB can provide dynamic grants to the UEs as frequent as every TTI. 
The advantage of this approach includes minimal specification changes and more network control on scheduling. This may not require major specification changes to enable such solution for short-TTI channels also. Additionally, as the UE is allowed to skip UL grant when it has no data (based on agreement 1), network can rely on random traffic patterns of different UEs to statistically multiplex the utilization of the ‘shared’ resources and provide same UL resource grant to multiple UEs based on implementation-specific criteria to enable contention based UL. This way, network can also prioritize among the UEs and control the probability of contention by smartly and selectively providing dedicated or shared dynamic grants from different pools. Furthermore, compared to SPS based method, more efficient link adaptation is possible.
On the flipside, frequent dynamic grants consume more control channel resources for signalling of scheduling information. As the number of UEs in a cell becomes large, the DL control overhead caused by frequent UL grants will be large. Regardless of the SPS or the dynamic UL grant approach, when network shares a UL resource among users, some form of MAC contention resolution mechanism is required to avoid repeated contention due to synchronous HARQ retransmissions in UL.
Observation 5. No modification is expected on dynamic grants to support skipping uplink transmission. However, due to DL control overhead, this solution may not be scalable to accommodate many UEs. 
2.2.2. DRX
It should be noted that if the network is providing dynamic UL grants to UE, according to current specification, UE may be prevented from going to DRX sleep even though it is allowed to skip the UL grant when there is no UL data. This is because every time new transmission of UL, DL or SL is indicated by PDCCH, drx-InactivityTimer is started or restarted.
Further modifications may be necessary to optimize the current DRX behaviour for such scenario. As one option, if UE skips UL grant because there is no UL data, UE could continue to run drx-InactivityTimer if it is already running, instead of restarting the timer (in current LTE, UE should start drx-InactivityTimer upon grant reception if it is not running). This way the UE would go to DRX sleep after skipping certain number of dynamic UL grants consecutively when there is no UL data. However, there may be DRX synchronization issues between the network and UE because the eNB does not know whether the UE has data or not. 

Another option is to leave it up to eNB implementation which can stop providing dynamic grants after a certain number of times the UE is not using those grants and just skipping UL. Once the UL grants are stopped, the UE would follow currently specified behaviour to enter DRX sleep after drx-InactivityTimer expires. To expedite this process, eNB may also signal the UE to enter DRX mode using DRX MAC CE. 

On the other hand, if the dynamic grants are being provided frequently for the objective of latency reduction for low-latency UEs/applications, UE stopping to monitor PDCCH and going to DRX may defeat the very purpose of the frequent grants. 

Observation 6. DRX operation may need to be modified to support skipping UL grants.
Based on above discussion, we propose RAN2 to agree on the following:
Proposal 1. Capture above description and observations in SI TR [4].

3. Conclusions
In this contribution, we discussed several aspects of protocol impacts of reducing SPS minimum interval, skipping UL grant and frequent dynamic grants. 
Observation 1.
SPS release should be modified to support UE skipping UL transmission based on SPS.
Observation 2.
HARQ operation may be modified in order to support non-adaptive HARQ retransmission in the configured uplink grant.
Observation 3.
The extent of protocol impact to support SPS on short TTI depends on RAN1 design of short TTI channels.
Observation 4.
Potential protocol impacts of reducing SPS periodicity to 1 TTI needs to be studied.
Observation 5.
No modification is expected on dynamic grants to support skipping uplink transmission. However, due to DL control overhead, this solution may not be scalable to accommodate many UEs.
Observation 6.
DRX operation may need to be modified to support skipping UL grants.


Based on above discussion, we propose the following:
Proposal 1.
Capture above description and observations in SI TR [4].
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